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Concurrent  reaoluiion  adojUed  hjf  the  Senate  February  9,  I89S,  and  by  the  House  oj  Kep- 

resentatives  February  15 j  1803, 

Resolved  by  ike  Senate  {the  Home  of  lieprcMentatives  coHcurring)^  That  there  l>eprmt«A 
of  tho  Kc}M>rt8  of  the  Siuithsouiibu  lustitutiou  uud  of  the  National  Museum  for  the 
year  ending  June  30,  1892,  in  two  octavo  volumes,  10,000  extra  copies;  of  "wliich 
1,000  copies  shall  he  for  the  use  of  the  Senate,  2,000  copies  for  the  use  of  tho  House 
of  Representatives,  5,000  copies  for  the  use  of  the  Smithsonian  lustitutiou,  and  2,000 
copies  for  the  use  of  the  National  Museum. 
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LETTER 

VKOM  THE 

SECRETARY  OF  THE  SMITHSONIAN  INSTITUTION, 


ACCOMPANYING 


ThcanntMl  report  of  the  Board  of  Regents  of  the  Imtitution  to  the  end  of 

June,  1892. 


Smithsonian  Institution, 
Washington^  1),  C,  July  i,  189J2, 
To  the  Congress  of  tlie  United  States: 

In  accordance  with  section  5593  of  the  Revised  Statutes  of  tlie  United 
States,  I  have  the  honor,  in  behalf  of  the  Board  of  Regents,  to  submit 
to  Congress  the  annual  report  of  the  operations,  expenditures,  and  con- 
dition of  the  Smithsonian  Institution  for  the  year  ending  June  30,1892. 
I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

S.  P.  Langley, 
Secretary  of  Smithsonian  Institution. 

Hon.  Levi  P.  Moeton, 

President  of  the  Senate. 

Hon.  Charles  F.  Crisp, 

Speaker  of  the  House  of  Representatives. 

xn 


ANNUAL  REPORT  OF  THE  SMITHSONIAN  INSTITUTION  TO  THE 

END  OF  JUNE,  1892. 


SUBJECTS. 

1.  Proceedings  of  the  Board  of  liegeuts  for  the  session  of  Janoaryi 
1892. 

2.  Report  of  the  Executive  Committee,  exliibiting  the  financial  affait^ 
of  the  Institution,  including  a  statement  of  the  Smithson  fund,  and  re- 
ceipts and  expenditures  for  the  year  1891-'92. 

3.  Annual  report  of  the  Secretary,  giving  an  ac^count  of  the  oper^ 
tions  and  condition  of  the  Institution  for  the  year  1891-'92,  with  stati*** 
tics  of  exchanges,  etc. 

4.  General  appendix,  comprising  a  selection  of  miscellaneous  rm^ 
moirs  of  interest  to  collaborators  and  correspondents  of  the  InstiL 
tion,  teachers,  and  others  engaged  in  the  promotion  of  knowledge. 

JV 


CONTENTS. 


o  Congrress  to  print  extra  copies  of  the  Report ii 

the  Secretary,  Buhmittiiig  the  Annual  Report  of  the  Regents  to 

Ill 

jects  of  the  Annual  Report iv 

the  Report v 

nstrations * 

officio  of  the  Establishment ix 

i^he  Smithsonian  Institution :   x 

r  THE  Proceedings  of  the  Board  of  Regents xi 

meeting,  October  21, 1891...  *. xi 

neeting,  January  27,  1892 xiv 

meeting,  March  29,  1892 xxi 

THE  Executive  Committee  for  the  year  ending  Juno  30, 1891..  xxiii 

on  of  the  fund  July  1,1891 xxiii 

8  for  the  year xxiii 

itures  for  the  year xxiv 

:d  repayments xxiv 

riation  for  international  exchanges xxv 

Is  of  expenditures  of  same xxv 

iations  for  North  American  Ethnology xxvi 

Is  of  expenditures  of  same xxvi 

riation  for  the  National  Museum xxvii 

Is  of  expenditures  of  same xxvui 

Nations  for  the  National  Zoological  Park xxx viii 

is  of  expenditures  of  same xxxviii 

riation  for  repairs  of  Smithsonian  building XL 

Is  of  expenditures  of  same XL 

riation  for  Astro-physical  Observatory XL 

Is  of  expenditures  of  same xl 

sununary xlii 

available  for  ensuing  year xliii 

B80LUTI0NS  OF  CONGRESS  relative  to  the  Smithsonian  Institu- 

oual  Museum,  etc.,  for  1891 xlv 


REPORT  OF  THE  SECRETARY. 

SONIAN  INSTFTUTION 1 

Ablishment 1 

u*d  of  Regents 1 

itration 2 

« 3 

V 


VI  CONTKNTS. 

The  Smithsonian  Institution— Continued. 

Buildings 6 

Rosearch 7 

Astro-pbysical  Observatory 8 

Explorations 10 

Publications 10 

Internal  Exchange  Service 12 

Library 15 

Miscellaneous 16 

Tomb  of  Smithnon 16 

Statue  of  Prof.  Raird 16 

Statue  of  Robert  Dale  Owen 16 

Perkins  collection  of  copper  implements  .* 16 

Stereotype  plates 16 

Use  of  Government  collections 16 

Assignment  of  rooms 16 

Hodgkins  donation 17 

United  States  National  Museum 20 

Bureau  of  Ethnology 27 

United  States  National  Zoological  Park t 28 

Necrology 45 

Appendixes 49 

Appendix    I.  Report  of  the  Director  of  the  Bureau  of  Ethnology 49 

II.  Report  of  the  Curator  of  Exchanges 59 

III.  Report  of  the  Acting  Manager  of  the  National  Zo«Uogical 

Park 69 

IV.  Report  of  the  Acting  Librarian 74 

V.  Report  of  the  Editor 80 


GENERAL  APPENDIX. 

Advertisement 87 

Meteorological  work  of  the  Smithsonian  Institution 89 

The  History  of  the  Telescope,  by  C.  S.  Hastings 95 

Geological  Change,  and  Time,  by  Archibald  Geike Ill 

Geological  History  of  the  Yellowstone  National  Park,  by  Arnold  Hague 133 

Soaping  Geysers,  by  Arnold  Hague 153 

Continental  Problems  of  Geology,  by  G.  K.  Gilbert 163 

Pre-Columbian  Copper-mining  in  North  America,  by  R.  L.  Packard 175 

Tlie  Polynesian  Bow,  by  E.  Tregear. 199 

Hertz's  Experiments 203 

Discharge  of  Electricity  without  Electrodes,  by  J .  J.  Thomson 229 

Molecular  Process  in  Magnetic  Induction,  by  J.  A.  Ewing 255 

Crystallization,  by  G.  D.  Liveing 269 

Rejuvenescence  of  Crystals,  by  John  W.  Judd 281 

Deduction  from  Gaseous  Theory  of  Solution,  by  Orme  Masson 289 

Suggestions  Regarding  Solutions,  by  William  Ramsay 299 

Liquids  and  Gases,  by  William  Ramsay 303 

Present  Problems  in  Evolution  and  Heredity,  by  H.  F.  Osborn 313 

Report  on  the  Migration  of  Birds,  by  J.  A.  Palm^n 375 

The  Empire  of  the  Air,  by  L.  P.  Mouillard 397 

Progress  of  Anthropology  in  1892,  by  O.  T.  Mason 465 

The  Advent  of  Man  in  America,  by  A.  de  Quatrefages 513 

Primitive  Industry,  by  Thomas  Wilson 521 


CONTENTS. 


VII 


rage. 

Prehistoric  New  Mexican  Pottery,  by  Henry  Hales 5S5 

Relicts  of  an  Indian  FInnting  Ground,  l»y  Atreus  Wanner 555 

Aboriginal  Bnrial  Monnds  in  Ohio,  by  R.  J.  Thompson 571 

Indian  Remains  on  the  Upper  Yellowstone,  by  William  8.  Brackett 577 

I^imitive  Number  Systems,  by  Levi  P.  Conant 583 

Anthropology  of  the  Brain,  by  D.  K.  Shnte 595 

Th«  Birth  of  Invention,  by  Otis  T.  Mason 003 

American  Inventions  and  Discoveries  in  Medicine,  etc.,  by  John  S.  Billings  ..  H13 

Endowment  for  Scientiiic  Research,  by  Addison  Brown 021 

The  Inventors  of  the  Telegraph  ^nd  Telephone,  by  Thomas  Gray 039 

Explorations  in  Mongolia  and  Tibet,  by  W\  W.  Rockhill 059 

Progress  of  Astronomy  for  1891  and  1892,  by  W.  C.  Winlock 081 

iNiiKX 775 


LIST  OF  ILLUSTRATIONS. 
Secretary's  Report: 

Fig.  1,  plan  of  the  National  Zofdogical  Park 

Fig.  2,  bear  dens  and  yards 

Fig.  3,  principal  animal  house  of  Zoological  Park 

Eig.  4,  plan  of  principal  animal  house 

Fig.  5,  house  for  bison  and  elk 

Geological  history  of  the  Yellowstone  National  Park : 

Fig.  1,  map  of  tlie  Yellowstone  National  Park 


Discharge  of  Electricity  witihont 

Electrode :  Pago. 

Fig.  1 230 

Figs.  2,3,4,5 234 

Fig.G 239 

Figs.  7,8 243 

Figs.  9,10,11 244 

Fig.  12 240 

Fig.  13 249 

Fig.  14 250 

Fig.  15 251 

Molecular  Process  in  Magnetic  In- 
duction : 

Fig.  1 257 

Fig.  2 258 

Figs.  3,4,5,0 259 

Figs.  7,8,9 200 

Figs.  10,11 201 

Fig.  12 202 

Fig.  13 204 

Fig.  14 205 

Fig.  15 200 

Crystallization: 

Fig.  1 271 

Figs.  2,3 272 

Fig.  4 273 

Fig.  5 274 


Crystallization — Continued . 

l^ig.  6 

Fig.  7 

Deduction  from  the  Gaseous  The- 
ory of  Solution: 

Fig.  1 

Fig.  2 

Fig.  3 

Suggestions  Regarding  Solutions 
and  liquids : 

Fig.l 

Fig.2 

Present  Problems  in  Evolution  and 
Heredity : 

Fig.  1 

Figs.  2,3 

Figs.  4,  5 

Pig.6 

Fig.7 

Figs,  8,9 

Fig.  10 

Fig.  11 

Fig.  12 

The  Empire  of  the  Air: 

Fig.l 

Fig.2 

Fig.3 


Page. 
40 
41 
42 
43 
44 

130 

PBse. 
270 
277 


293 
291 
295 


.300 
308 


3:^0 

3i2 
343 
341 
355 
3.50 
300 
303 
304 

107 
429 
431 


VIII 


CONTENTS. 


The  K 
F 
Y 
F 
F 
F 
F 
F 
F 
F 


tnpire  of  the  Air — Continued.  Vmge. 

g.4 rss 

g.5 437 

g.6 441 

g8.7,8 442 

i?.9 448 

g.  10 449 

g.  11 450 

g«.  12,  13 454 

455 


<».  14 


Prehistoric  New  Mexiran  Pottery: 

Fig.l 

Fig.2 

Fig.3 

Fig.  4 

Fig.5 

Fig.6 

Fig.7 

Fig.« 

Fig.9 

Fig.  10 

Fig.ll 

Fig.  12 

Fig.  13 

Fig.  14 

Fig.  15 

Fig.  16 

Fig.  17 

Holies  of  an  Indian  Hunting 
Ground : 

Figs.  1-4 

Figs.  5-13 

Figs.  14-21 

Figs.  22-33 

Figs.  34-37 


53(» 
5;« 
539 
.540 
541 
542 
^3 
544 
545 
546 
i>47 
548 
549 
550 
551 
552 
553 


556 ; 

557  ! 
5.58 
559 
560 


Relics  of  an  Indian  Hunting 
(around — Continued.  page. 

Figs.  38-42 .'iei 

Figs.  43-46 582 

Figs.  47,  48 563 

Figs.  50,  51,  52 .%5 

Figs.  5:^-57 see 

Figs.  58,  59 Se? 

Figs.  60-66 568 

Figs.  67,  68 ^ 

Aboriginal  Burial  Mounds  in  Ohio: 

Fig.l 571 

Fig.2 572 

Fig.3 573 

Fig.4 674 

Indian  Remains  on  the  Upper  Yel- 
lowstone : 

Fig.  1 578 

Fig.2 1)79 

Fig.3 .'>»» 

Explorations    in  Mongolia  and 
Tibet: 

Fig.  1 660 

Fig.2 eetJ 

Fig.3 m^ 

Fig,4 

Fig.5 

Fig.6 ^....  66^^ 

Fig.7 67i 

Fig.8 67 

Fig.  9 67: 

Fig.  10 67! 

Fig.  11 67e^ 

Fig.  12 67^ 


THE  SMITHSONIAN   INSTITUTION. 


MEMBERS  EX  OFFICIO  OF  THE  "ESTABLISHMENT/' 

(January,  1892.) 


BENJAMIN  HARRISON,  President  of  the  United  States. 
LEVI  P.  MORTON,  Vice-President  of  the  United  States. 
MELVILLE  W.  FULLER,  Chief-Justice  of  the  United  States. 
JOHN  W.  FOSTER,  Secretary  of  State. 
CHARLES  FOSTER,  Secretary  of  the  Treasury. 
STEPHEN  B.  ELK  INS,  Secretary  of  War. 
BENJAMIN  F.  TRACY,  Secretary  of  the  Navy. 
JOHN  WANAMAKER,  Postmaster-General. 
WILLIAM  H.  H.  MILLER,  Attorney-General. 
WILUAM  E.  SIMONDS,  Comniissiouer  of  Patents. 


EEGENTS  OF  THE  INSTITUTION. 

(List  given  on  the  following  page.) 


OPFICEES  OF  THE  INSTITUTION. 

Samuel  P.  Langlbt,  Secretary, 
Director  of  the  Institution  and  of  the  U.  S.  National  Museum. 

G.  Brown  Goodk,  Assistant  Secretary. 

IX 


REGENTS  OF  THE  SMITHSONIAN  INSTITUTION. 


By  the  organizinjif  act  approved  Angust  10,  184(5  (Revised  Statutes, 
Title  LXXiii,  section  5580),  "The  business  of  the  Institution  shall  be 
conducted  at  the  city  of  Washington  by  a  Board  of  Regents,  named 
the  Regents  of  the  Smithsonian  Institution,  to  be  composed  of  the  Vice- 
President,  the  Chief-Justice  of  tlie  United  Stat-es  [and  the  Crovernor  of 
the  District  of  Columbia],  three  members  of  the  Senate,  and  three  mem- 
bers of  the  House  of  Representatives,  together  with  six  other  persona, 
other  than  members  of  Congress,  two  of  whom  shall  be  resident  in  the 
city  of  Washington  and  the  other  four  shsdl  be  inhabitants  of  some 
State,  but  no  two  of  the  same  State.'' 


REGENTS  FOR  THE  YEAR  189:2. 

The  Chief-Justice  of  the  United  States : 

MELVILLE  W.  FULLER,  elected  Chancellor  and  President  of  the  Board  Jan- 
uary 9,  1889. 

The  Vice-President  of  the  United  States: 
LEVI  P.  MORTON. 

United  States  Senators :  Term  Expires 

.JUSTIN  S.  MORRILL  (appointed  Feb.  21,  18a%  and  Dec.  15, 1891).  Mar.  3,  1897. 
SHELBY  M.  CULLOM  (appointed  Mur.  23, 1885,  and  Mar.  28,1889).  Mar.  3,  1895. 
RANDALL  L.  GIBSON  (appointed  Dec.  19,  1887,  and  Mar.  28, 1889). Ma^.  3.  1895. 

Members  of  the  House  of  Representatives: 

JOSEPH  WHEELER  (appointed  Jan.  5,  1888,  and  Jan.  15, 1892). .Dec.  27,  1893. 

HENRY  CABOT  LODGE  (appointed  January  15,  1892) Dec.  27,  1893. 

W.  C.  P.  BRECKINRIDGE  (appointed  January  15, 1892) Dec.  27,  1893. 

Citizens  of  a  State: 

HENRY  COPPIGE,  of  Pennsylvania  (first  appointed  Jan.  19, 1874) . .  Jan.  26, 1898. 
JAMES  B.  ANGELL,  of  Michigan  (first  appointed  Jan.  19,  1887)...  Jan.  19,  1893. 
ANDREW  D.  WHITE,  of  New  York  (first  appointed  Fob.  15, 1888).  Feb.  15,  1894. 
WILLIAM  P.  JOHNSTON,  of  Louisiana  (appointed  Jan.  26, 1892) . .  Jan.  26,  1898. 

Citizens  of  Washington: 

JAMES  C.  WELLING  (first  appointed  May  13,  1884) May  22,  1896. 

JOHN  B.  HENDERSON  (appointed  January  26,  1892) Jan.  26,  1898. 


Executive  CommiHee  ofih^  Board  of  Regent 8. 
James  C.  Welling,  CMnnan.         Hknry  Copp^e.         J.  B.  Henderson. 


JOURNAL  OF  PROCEEDINGS  OF  THE  BOARD  OF  REGENTS  OF 

THE  SMITHSONIAN  INSTITUTION. 


special  meeting  of  the  board  of  regents. 

October  21,  1891. 

Pursuant  to  a  call  by  the  Secretary,  a  special  meeting  of  the  Board  of 
Begents  was  held  at  the  Institution  to-day  at  10:30  a.m.  Present: 
the  Honorable  Levi  P.  Morton,  Vice-President  of  the  United  States; 
the  Honorable  8.  M.  Cnllom,  the  Honorable  R.  L.  Gibson,  the  Honor- 
able B.  Butterworth,  Dr.  A.  D.  White,  Dr.  J.  (\  Welling,  Dr.  Henry 
Copp^e,  Gen.  M.  C  Meigs,  and  the  Secretary. 

The  Vice-President  took  the  chair  and  called  the  meeting  to  order, 
and  on  Dr.  Welling's  suggestion,  there  being  no  objection,  the  reading 
of  the  minutes  of  the  last  annual  meeting  was  dispensed  with. 

The  SecretJiry  then  stated  that  he  had,  some  months  since,  entered 
on  a  correspondence  with  Mr.  Thomas  G.  Hodgkins,  of  Setauket,  Long 
Island,  and  that  Mr.  Hodgkins  had  intimated  his  desire  to  give  a  con- 
siderable sum  to  the  fund  of  the  Smithsonian  Institution  "  for  the  in- 
crease and  diffusion  of  knowledge  among  men."  Further  correspond- 
ence led  to  visits  to  Mr.  Hodgkins  by  the  Secretary  and  by  the  Assistant 
Secretary,  and  to  prolonged  conferences  with  him,  the  result  of  which 
was  that  Mr.  Hodgkins  offered  a  donation  of  $200,000,  concerning 
which  the  Secretary  had  telegraphed  the  Regents  June  22,  and  upon 
receiving  the  individual  approval  of  most  of  the  Regents  to  the  accept- 
ance of  the  sum  named,  Mr.  Hodgkins  had  later,  on  September  22,  at  his 
home  on  Long  Island,  given  this  amount  in  cash  to  the  Secretary,  who, 
in  company  with  the  Assistant  Secretary,  had  brought  it  to  Washington 
and  deposited  it  in  the  Treasury  of  the  United  States,  with  the  under- 
standing that  an  early  meeting  of  the  Regents  would  be  called  as  a 
body  to  consider  as  to  its  acceptance. 

The  exact  terms  in  which  Mi\  Hodgkins  made  this  gift  would,  the 
Secretary  said,  be  stated  later;  but  he  gives  $200,000  to  the  Smithsonian 
Institution  to  be  added  to  the  Smithson  fund  proper  "for  the  increase 
and  diffusion  of  knowledge  among  men,''  with  the  condition  that  the 
income  of  $100,000  of  the  gift  shall  be  used,  under  this  general  purpose, 
for  the  especial  one  of  the  increase  and  diffusion  of  knowledge  by  in- 
vestigathig  and  spreading  knowledge  concerning  all  the  phenomena  of 
atmospheric  air. 
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This  meeting  was,  therefore,  called  in  pnrsaance  of  this  understand- 
ing, and  also  with  regard  to  some  matters  concerning  the  Zoological 
Park. 

Dr.  Welling  said  that  he  had  been  instructed  by  his  colleagues  on 
the  Executive  Committee  to  bring  the  matter  of  this  donation  before 
the  Regents  in  such  a  way  that  they  can  ac<5ept  or  reject  the  munificent 
gift  made  by  Mr.  Hodgkins.  He  then  read  the  following  preamble  and 
resolutions: 

WliereoH,  Thomas  G.  Hodgkins,  of  Setanket,  Long  Island,  has  placed  in  the  handa 
of  the  8<'.cretaTy  of  the  Smitlisonlan  Institution,  the  snm  of  two  hundred  thousand 
doUars,  for  the  purpose  declared  by  hitn  in  a  fonual  statement,  as  follows : 

September  22, 1891. 

I,  Thomas  G.  Hodgkins,  of  Setauket,  New  York,  desiring  to  increase  the  endow- 
ment of  the  Smithsonian  Institution,  founded  in  the  city  of  Washington,  for  the 
increase  and  diffusion  of  knowledge  among  men,  have  transferred  to  Samuel  Pierpont 
Langloy,  Secretary  of  the  Smithsonian  Institution,  the  sum  of  two  hundred  thousaod 
dollars,  the  same  to  be  delivered  to  the  Board  of  Regents  of  the  Smithsonian  Insti- 
tution,  to  whom  I  give  it  in  trust,  to  be  invested  permanently  in  the  Treasury  of  the 
United  States,  as  a  part  of  the  Smithsou  fund,  and  its  interest  to  be  applied  to  the 
increase  and  diftnsou  of  knowledge  among  men;  this  fund  to  be  called  the  Hodgkins 
Fund,  and  all  premiums,  prizes,  grants,  or  publications  made  at  its  cost,  to  be 
designated  by  this  name;  the  interest  of  one  hundred  thousand  dollars  of  this  fund 
to  be  permanently  devoted  to  the  increase  and  diffusion  of  more  exact  knowledge  in 
regard  to  the  nature  and  properties  of  atmospheric  air,  in  connection  with  the  wel- 
fare of  man  in  his  daily  life  and  in  his  relations  to  his  Creator,  the  same  to  be 
effected  by  the  offering  of  prizes,  for  which  competition  shall  be  open  to  the  world, 
for  essays  in  which  imporlant  truths  regarding  the  phenomena  on  which  life,  health, 
and  human  happiness  depend  shaU  be  embodied,  or  by  such  other  means  as  in  years 
to  come  may  appear  to  the  Regents  of  the  Smithsonian  Institution  calculated  to 
produce  the  most  beneficent  result-s.     •     *     • 

(Signed)  Thomas  G.  Hodgkins. 

Witness : 

(Signed)    M.  L.  Chambers. 

Therefore,  be  it 

Resolved,  That  the  Regents  hereby  accept  the  sum  in  question,  subject  to  the  con- 
ditions thus  stated  by  the  donor,  and  that  the  Secretary  is  instructed  to  carry  into 
effect  these  conditions,  and  to  administer  the  income  as  in  the  case  of  the  income 
from  other  funds  belonging  to  the  Institution. 

liesolved,  That  the  Secretary  is  instructed  to  place  the  sum  of  $200,000  in  the  U.  8. 
lYeasury,  at  six  per  centum  interest,  under  the  terms  of  section  5591,  of  Title  i.xxui, 
of  the  Revised  Statutes  of  the  United  States. 

Resolved^  That  the  thanks  of  the  Board  of  Regents  are  tendered  to  Mr.  Hodgkins 
for  bis  generous  and  public-spirited  donation,  and  that  an  engrossed  copy  of  the 
above  preamble  and  resolutions  be  transmitted  to  him  by  the  Secretary. 

In  answer  to  a  question  as  to  whether  this  was  an  absolute  gift  to 
the  Institution,  the  Secretary  said  that  Mr.  Hodgkins  thoroughly  under- 
stood that  this  gift  was  subordinate  to  the  general  title  of  the  Smith- 
sonian fund,  though  it  was  to  bear  his  own  name  as  a  sub-title. 

Senator  Cullom  addressed  the  meeting  at  length,  quoting  frequently 
from  the  Revised  Statutes,  arguing  in  favor  of  accepting  the  gift  with 
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its  conditions^  and  concluding  his  remarks  with  a  motion  that  the 
resolutions  be  adopted. 

The  Chairman  having  put  the  question,  the  resolutions  were  unani- 
mously adopted. 

The  Secretary  then  brought  before  the  Regents  the  difficulties  under 
which  he  was  laboring  from  the  insuliicient  appropriations  for  the  Na- 
tional Zoological  Park,  and  after  a  full  discussion  of  the  special  diffi- 
culties of  the  situation  belonging  to  a  novel  undertaking,  where  no  one 
could  say  beforehand  what  appropriation  would  certainly  be  required 
under  each  item,  but  where  limited  appropriations  are  nevertheless 
made  in  unchangeable  specific  items,  unsupplemented  by  discretionary 
power,  the  following  preamble  and  resolution  were  adopted : 

Whereasy  the  National  Zoological  Park  has  been  placed  under  the  direction  of 
this  Boardy  under  legislative  conditions  quite  other  than  those  contemplated  at  the 
time  that  the  responsibility  of  its  administration  was  accepted  by  it: 

Resolved,  That  the  Secretary  is  authorized  and  instructed  to  represent  to  the 
proper  committees  of  Congress  the  difficulties  which  these  conditions'impose  upon 
the  administration  of  the  Institution,  and  to  advise  such  legislation  as  may  do  away 
with  the  present  system  by  which  half  of  the  expense  of  said  park  is  paid  from  the 
reveoues  of  the  District  of  Columbia ;  and  also  to  advise  such  changes  in  the  form 
of  future  appropriation  bills  as  may  be  requisite  to  do  away  with  the  especially 
imposed  difficulties  which  are  now  encountered  in  carrying  on  the  work. 

Adjourned. 
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annual  meeting  of  the  board  op  regents. 

January  27, 1892. 

The  annual  meeting  of  the  Board  of  Begents  of  the  Smithsonian 
Institution  was  held  to-day  at  10  A.  m.  Present:  Mr.  Chief  Justice 
Fuller,  Vice-President  Morton,  the  Hon.  J.  S.  Morrill,  the  Hon.  S.  M. 
Gullom,  the  Hon.  K.  L.  Gibson,  the  Hon.  Joseph  Wheeler,  the  Hon.  W. 
0.  P.  Breckinridge,  Dr.  Henry  Copp^e,  Dr.  J.  B.  Angell,  Dr.  William 
Preston  Johnston,  the  Hon.  J.  B.  Henderson,  and  the  Secretary. 

Excuses  for  non-attendance  were  read  from  Dr.  J.  C.  Welling,  caused 
by  illness,  and  from  Dr.  A.  D.  White,  by  important  engagements. 

The  Chancellor  stated  that  the  minutes  of  the  annual  meeting  of 
January  28, 1891,  and  of  the  special  meeting  of  October  21, 1891,  were 
of  considerable  length,  and  the  Secretary  was  requested  to  read  them 
in  abstract,  which  was  done. 

The  Secretary  announced  that  the  Vice-President  on  December 
15,  1891,  re-appointed  as  Regent  the  Hon.  J.  S.  Morrill,  a  United 
States  Senator;  that  the  Speaker  of  the  House  had  re-appointed  Repre- 
sentatives Joseph  Wheeler,  of  Alabama;  Henry  Cabot  Lodge,  of  Massa- 
chusetts, and  appointed  Representative  W.  C.  P.  Breckinridge,  of  Ken- 
tucky, and  that  further  vacancies  in  the  Board  htul  been  filled  by  the 
re-appointment,  by  joint  resolution  ai)proved  by  the  Pre*sident^  January 
26, 1892,  of  Henry  Coppee,  of  Pennsylvania,  and  by  the  appointment 
of  William  Preston  Johnston,  of  Louisiana,  and  John  B.  Henderson, 
of  the  District  of  Columbia. 

The  Secretary  announced  the  death  of  Gen.  M.  C.  Meigs,  a  Regent 
at  large,  on  January  2, 1892. 

Dr.  Copp<?e  moved  that  a  committee,  to  consist  of  one  member  of  the 
Board  and  the  Secretary,  be  apx)ointed  to  present  to  this  meeting  an 
obituary  notice  of  the  late  Gen.  Meigs.  The  motion  was  carried,  and 
the  Chancellor  nominated  Dr.  Copp<^e  to  act  with  the  Se^TCtary.  Dr. 
Coppee,  after  expressing  his  regret  at  the  illness  of  the  chairman  of  the 
Executive  Committee,  and  his  personal  sorrow  at  the  death  of  his  col- 
league on  the  committee.  Gen.  Meigs,  read  the  following  memorial  reso- 
lution : 

MEMOKIA.L  KECOUD  OF   GEN.    M.    C.    MEIGS. 

The  Board  of  Kogents  of  the  Smithsonian  InRtitution  desires  to  place  on  recoid 
the  exx)ro8SLon  of  its  sincere  sorrow  and  its  sense  of  the  great  loss  it  has  suffered  in 
the  death  of  Gen.  Montgomery  Cunningham  Meigs,  a  member  of  the  Board  and 
one  of  its  Executive  Committee.  His  valuable  services  to  the  Institution  began 
indeed  before  he  was  officially  connected  with  it  as  a  regent  and  continned  untU 
his  death. 

While  Gen.  Meigs  was  prominently  associated  with  many  useful  undertakings,  his 
record  as  a  soldier  and  as  a  citizen  is  marked  by  unswerving  fidelity  and  extraor- 
dinary capability.  The  principal  event«  of  his  life  can  only  bo  briefly  mentioned, 
ae  showing  what  varied  experience  he  placed  at  the  service  of  the  Institution. 
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He  was  boru  on  the  3d  of  Mfiy,  1816,  at  Augusta,  Ga.,  where  his  father,  Charles 
D.  Meigs,  afterwards  the  emiueut  physician  and  author  of  Phihidelphia,  was  then 
practicing  medicine.  After  preliminary  studies  at  the  University  of  Pennsylvania, 
he  entered  the  Military  Academy  at  West  Point  on  the  1st  of  July,  1832,  and  was 
graduated  with  distinction  in  1836.  He  was  at  once  appointed  to  a  position  in  the 
artillery  service,  and  in  the  following  year  was  transferred  to  the  Corps  of  Engi- 
neers. In  1849  he  was  engaged  in  the  Engineer  Bureau  at  Washington,  and  from 
that  time  until  the  outbreak  of  the  civil  war  his  activity  was  principally  directed 
to  the  construction  of  Government  works.  Toward  the  close  of  1852  he  made  a  sur- 
vey at  Washington  to  determine  the  best  plan  for  supplying  the  city  with  water. 
He  was  eventually  placed  in  charge  of  the  work,  which  included  the  designing  and 
construction  of  the  Potomac  acqueduct.  This  remarkable  work  contains  a  single 
arch  of  220  feet  span,  which  still  remains  the  largest  stone  arch  hitherto  constructed. 

Ho  also  had  charge,  as  supervising  engineer,  of  the  north  and  south  extensions 
of  the  National  Capitol  and  of  the  construction  of  the  iron  dome,  as  well  as  of  the 
northward  extension  of  the  General  Post-Office  building. 

When  the  war  broke  out  he  wiis  appointed  colonel  of  the  Eleventh  Infantry 
(May  14,  1861)  and  afterwards  quartermaster-general  of  the  U.  S.  Army,  with  the 
rank  of  brigadier- general.  This  post  required  unusual  administrative  ability,  with 
ft  probity  which  commanded  general  recognition,  and  it  was  because  of  his  high 
integrity  and  the  etreugth  of  his  personal  cliaraeter,  as  well  as  his  acknowledged 
capacity  for  business,  that  he  was  entrusted  with  the  handling  and  use  of  hundreds 
of  millions  of  dollars  in  the  greatest  war  ever  waged. 

This  is  not  the  place  to  recount  his  military  services.  They  were  numerous  and 
admirably  discharged.  His  duties  took  him  to  all  parts  of  the  country,  connected 
him  with  niiiuy  tields  of  labor,  and  engaged  him  on  the  most  varied  commissions. 
Suffice  it  to  say  that  he  fully  justitied  the  confidence  imposed  in  him  by  President 
Lincoln,  performing  with  signal  ability  the  duties  entrusted  to  him.  In  1864  he 
received  the  well-earned  title  of  brevet  major-general  in  the  Army. 

Even  during  the  period  of  his  service  in  the  Army  ho  was  engaged  in  other  occu- 
pations; rendering  the  Smithsonian  Institution  most  important  service  in  1876  by 
devising  the  new  buildin;^  for  the  National  Museum,  a  marvtd  of  econoniie  design. 

While  still  full  of  vigor  Gen.  Meigs  was  retired  from  active  service  on  the  6th 
of  February,  1882,  by  the  inexorabh>  law  which  makes  the  grand  climacteric  the 
period  when  military  inaction  begins.  But  he  was  by  no  means  idh'.  He  signalized 
his  talent  as  an  architect  by  the  construction  of  the  Pension-Office  building  at 
Wa8hington  l)etween  the  years  1882  and  1887. 

He  was  elected  a  fellow  of  the  National  Academy  of  Sciences  in  1865,  and  a  regent 
of  the  Smithsonian  Institution,  as  a  "citizen  of  Washington, ''  and  directly  upon  his 
entrance  into  the  board,  December  26,  1885,  became  an  active  member  of  its  Execu- 
tive Committoi'.  He  wjis  always  present,  extremely  painstaking,  and  eminently 
judicious  in  his  counsel  and  judgment  on  important  points  of  business  and  policy. 
He  had  just  been  nominated  as  regent  for  another  term  of  six  years  when  he  was 
taken  away  from  us  by  sudden  illness  (January  2,  1892). 

He  was  eminent  as  a  soldier,  as  a  scientific  investigator,  as  a  public-spirited  citi- 
zen, and  as  a  man.  Industrious  and  exact  in  business,  he  knew  no  idle  time.  He 
was  a  busy  man  even  when  he  spent  a  year  in  Europe  for  his  health  in  1867  and 
1868,  as  well  as  on  his  visit  there  in  1875  on  Government  service. 

Few  regents  have  been  of  such  importance  to  the  Institution  as  Gen.  Meigs,  and 
it  is  fitting  that  we  should  record  our  tribute  of  thankfulness  for  his  eraim^ut  serv- 
ices and  our  great  sorrow  at  his  loss.  He  was  a  man  faithful  in  all  things,  who  has 
left  behind  him  an  enduring  reputation. 

Senator  Gibson  moved  the  adoption  of  the  memorial  and  that  a  copy 
thereof  should  be  sent  to  the  family  of  Gen.  Meigs,  which  was  carried. 
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The  Secretary  presented  his  auuual  report,  with  the  remark  that  he 
had  ta^ken  paius  to  place  matters  of  minor  consequence  in  the  appendix, 
so  that  what  Wiis  most  deserving  attention  had  been  comprised  in  so 
few  pages  that  he  might  hope  it  would  be  found  to  be  within  readable 
compass.    The  report  was  accepted. 

Dr.  Copp6e  said  that  owing  to  the  absence  of  his  colleague,  Dr. 
Welling,  lie  found  himself  acting  for  the  Executive  Committee,  and  be 
would  present  the  committee's  report  for  the  year  ending  June  30, 1891. 
On  motion,  the  report  was  adopted. 

The  Chancellor  stated  that  the  election  of  a  new  member  of  the  Exec 
utive  Committee  was  in  order. 

Gen.  Wheeler  moved  that  the  Hon.  John  B.  Henderson,  of  Washing- 
ton, be  elected  to  fill  the  existing  vjicancy  on  the  committee,  and  tbe 
motion  was  carried. 

Dr.  Coppice  offered  the  following  resolution  relative  to  income  and 
expenditures,  which  was  adopted: 

Bvftolvcdy  That  the  income  of  the  Institution  for  the  fiscal  year  ending  Jane  90, 
1893,  be  appropriated  for  the  service  of  the  Institution,  to  be  expended  by  the  Secre- 
tary, with  the  advice  of  the  Executive  Committee,  upon  the  basis  of  the  operations 
described  in  the  last  annual  report  of  said  committee,  with  full  discretion  on  the 
part  of  the  Secretary  as  to  items  of  expenditures  properly  falling  under  each  of  the 
heads  embraced  in  the  established  conduct  of  lae  Institution. 

Dr.  Copp^e  then  stated  that  he  ha<l  the  following  resolution  to  offer 
in  connection  with  the  subject  of  the  astro-physical  observatory: 

Resolvedf  That  Congress  having  appropriated  $10,000  for  the  maintenance  of  an 
astro-physical  observatory,  without  reference  to  any  precedent  condition  of  bnild- 
ings  to  be  furnished  by  the  Smithsonian  lustitution,  that  the  Secretary  bo  author- 
ized to  expend,  under  the  general  resolution  relative  to  income  and  expenditure,  the 
sum  of  $5,000  bequeathed  by  Dr.  J.  H.  Kidder,  and  $5,000  given  by  Alexander 
Graham  Bell,  in  directions  consonant  with  the  known  wishes  of  the  testator  and  the 
donor. 

He  would  ask  the  Secretary  to  explain  the  purport  of  the  resolution. 

The  Secretary  said  that  he  would  recall  to  the  Regents  that  $5,000 
received  from  the  estate  of  the  late  Dr.  J.  11.  Kidder,  and  $5,000  given 
by  Mr.  Alexander  Graham  Bell,  through  the  Secretary,  had  been  de- 
posited, subject  to  draft,  in  tbe  Treasury,  and  did  not  form  a  portion 
of  the  funds  drawing  interest.  At  their  meeting  in  January,  1891,  the 
Eegeuts  had  resolved,  in  effect,  that  if  an  approx)riation  for  an  astro- 
physical  observatory  were  made  by  Congress,  contingent  on  the  con- 
struction of  buildings  for  SAid  observatory  by  the  Institution  on  a  suit- 
able site  to  be  designated  by  Congress,  they  would  appropriate  this 
$10,000  for  buildings.  There  being  no  i)resent  demand,  then,  or  likeli- 
hood of  any,  for  the  money  for  the  i)iirpose  mentioned  in  the  first  reso- 
lution, this  second  one  was  offered  to  enable  the  Secretary  to  employ 
the  money,  if  necessary,  in  other  ways  consonant  with  the  purpose  of 
the  donors.    The  resolution  was  then  passed. 


JOURNAL   OF   PROCEEDINGS.  XVII 

The  Secretary  stated  that  being  last  year  in  Paris,  and  knowing  that 
the  remains  of  Smithson  were  in  Genoa,  lie  made  a  special  Journey  there 
for  the  purpose  of  seeing  if  the  place  of  sepulture  of  the  founder  of  the  In- 
stitution was  properly  cared  for.  The  tomb  of  Smithson  is  on  the  hills 
of  San  Benigno,  high  above  the  Gulf  of  Genoa,  in  a  small  and  obscure 
cemetery,  whose  very  existence  is  unknown  to  the  majority  of  the  peo- 
ple of  the  city.  It  is  the  property  of  the  English  Government,  and  in 
the  immediate  charge  of  the  British  consul.  The  tomb  was  a  substantial 
structure,  but  it  appeared  to  have  had  no  attention  during  the  sixty 
years  of  its  existence,  though  other  tombs  in  the  small  inclosure  bore 
evidence  of  continued  care.  The  Secretary  showed  drawings  of  the  tomb 
and  its  present  surroundings,  and  stated  that  he  had  taken  upon  himself 
the  responsibility  of  depositing  a  small  sum  at  the  cost  of  the  Institution 
to  insure  its  suitable  and  perpetual  care.  He  had  provided  for  this  with 
the  advice  of  the  American  consul,  who  had  shown  much  kind  interest 
in  the  matter,  but  he  had  thought  that  the  Begenta  should  know 
that  there  was  nothing  about  the  tomb  to  show  that  it  was  the  resting 
place  of  the  founder  of  the  Institution,  and  that  it  might  possibly  be 
desirable  that  some  instructions  should  be  given  as  to  supplementing 
this  action  by  placing  a  suitable  tablet  upon  the  tomb,  or  otherwise 
adding  some  fitting  inscription.  He  further  stated  that  he  had  under- 
stood that  it  was  very  possible  that  the  site  of  the  cemetery  might  be 
used  for  other  purposes  by  the  Italian  Government,  and  that  in  case  of 
the  removal  of  the  remains  of  Smithson  it  might  seem  fitting  that  they 
should  be  brought  to  this  country. 

Senator  Gibson  moved  that  there  be  an  expression  of  the  approval  by 
the  Begents  of  the  Secretary's  action,  and  that  the  whole  matter  be  re- 
ferred to  the  Executive  Committee,  with  authority  to  act  for  the  Begents 
in  any  further  steps  that  might  become  necessary.  The  motion  was 
carried. 

The  Secretary  stated  that  he  felt  it  his  duty  to  represent  to  the  Be- 
gents that  he  was  unable  to  carry  on  the  Zo<)logical  Park  for  the  sums 
appropriated  by  Congress.  He  would  recall  to  the  Begents  that  the 
management  of  the  park  had  originally  been  undertaken  by  them  with 
the  expectation  that  it  would  be  used  primarily  for  national  scientific 
and  utilitarian  purposes,  but  the  action  of  Congress  in  raising  one-half 
of  the  sum  from  the  taxpayers  of  the  District  led  to  a  very  natural 
demand,  on  the  part  of  the  latter,  for  the  enlargment  of  the  entertain- 
ment feature,  which  was  what  especially  interested  them,  and  that  this 
demand  had  consideration  in  Congress  was  shown  by  the  debates.  The 
general  result  of  all  this  was  a  tendency  of  the  park  to  become  an  ex- 
pensive pleasure  gi'ound,  requiring  a  much  larger  annual  outlay  than 
the  comparatively  inexpensive  scheme  which  the  Begents  had  origin- 
ally recommended.  At  the  last  session  of  Congress  his  very  carefully 
considered,  and,  he  believed,  economical,  estimates  had  been  reduced 
by  about  one-half  in  the  appropriation  actually  made,  which  was  in 
H.  Mis.  114 ^11 
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three  items:  For  buildings,  improvements,  and  maintenance.  Wbile 
all  were  insuflBcient,  that  for  maintenance  (which  was  essentially  for 
the  care  and  food  of  living  animals)  was  peculiarly  inadeciuate,  since  it 
left  him  unable  to  care  for  creatures  who  could  not  care  for  themselves, 
and  ought  not  to  be  allowed  to  suflfer.  This  item,  then,  was  notably 
different  in  kind  from  those  providing  for  buildings  or  roads,  which 
might  be  left  incomi)let43  with  less  immediate  damage  or  only  pt^uuiary 
loss. 

Senator  Morrill  expressed  his  regret  at  the  deplorable  insufficiency 
of  the  appropriations  for  the  park,  and  at  the  necessity  of  contemplating 
the  sundering  of  the  park  from  the  Institution,  but  he  was  of  the  opin- 
ion that  such  a  sei)aration  would  become  desirable  unless  some  change 
was  made.  He  thought  it  out  of  the  question  that  the  matter  should 
continue  on  the  present  footing,  and  the  Smithsonian  ought  not  agaiu 
to  be  put  under  the  necessity  of  caring  for  any  part  of  the  park  out  of 
its  private  funds,  even  temi)orarily  and  indirectly. 

Further  remarks  were  made  by  Mr.  Breckinridge  and  Mr.  Wheeler. 

With  reference  to  the  administration  of  the  Institution,  the  Secretary 
recalled  that  the  Assistant  Secretary  has,  as  such,  no  powder  to  act  iu 
the  Secretary's  place,  such  as  the  Assistant  Secretary  in  any  Execu- 
tive Department  possesses,  and  that  he  can  not  even  execute  such 
routine  signatures  of  necessary  vouchers  and  like  papers  as  in  Executive 
Departments  the  law  authorizes,  not  only  him,  but  his  subordinates 
to  do. 

Apart  from  the  important  administrative  duties  assigned  to  the 
Secretary,  there  present  themselves  daily  a  great  many  vouchers  and 
like  routine  papers  for  the  Treasury  from  the  different  bureaus  under 
his  charge — papers  wiiich,  as  has  just  been  stated,  would  in  every 
bureau  of  any  Executive  Department  of  the  Goveniment  be  signed  by 
a  subordinate  officer;  while  here  the  Secretary  or  Acting  Secretiiry 
must  ])ersonany  sign  such  routine  money  papers,  under  a  custom  which 
has  grown  step  by  stej)  from  small  beginnings  to  be  a  hardly  tolerable 
burden  in  the  illness  or  absence  either  of  the  Secretary  or  of  the  Act- 
ing Secretary,  while  for  their  joint  illness  no  jirovisiou  is  made  wMiat- 
ever.  To  meet  in  part  the  difficulties  arising  from  the  necessity  of  dele- 
gating authority  for  signing  vouchers  and  like  Treasury  x>apers,  it 
was  stated  that  by  proper  action  of  the  Board  of  Regents  all  refjuire- 
inents  of  the  Treasury  Department  might  be  met. 

No  similar  difficulty  exists  in  any  Executive  Department,  because 
ill  all  such  the  law  provides  not  only  for  the  Secretary  and  Acting 
Secretary,  but  for  a  line  of  su(*cession  of  subordinate  officers  author- 
ized to  execute  such  acts  as  the  daily  conduct  of  their  resi>ective 
bureaus  renders  necessarv. 

The  Secretary  i)oiiited  out  that,  owing  to  the  established  principles  of 
conduct  in  the  Smithsonian  Institution  (which  there  was  no  intention 
bere  of  departing  from),  the  Secretary's  power  Imd  never  been  diffused 
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and  delegated  as  was  the  case  in  the  Executive  Departmeuts  of  the  Gov- 
eruuient,  where  there  were  several  persons  in  every  separate  bureau 
who  had  a  right,  in  case  of  the  absence  not  only  of  the  Secretary  and 
Acting  Secretary,  but  of  the  head  of  the  bureau  itself,  to  carry  on  its 
afiairs,  and  especially  to  sign  such  money  papers  as  were  required  for 
it<  current  business  with  the  Treasury.  There  was  no  time,  however, 
in  the  past  twelve  years,  when,  in  the  joint  event  of  the  illness  of  the 
Secretiiry  and  the  Acting  Secretary,  there  was  any  such  provision  for 
carrying  on  the  current  business  of  the  Institution.  The  Secretary 
further  pointed  out  that  since  the  provision  for  an  Acting  Secretary 
was  first  made  in  1879,  he  had  made  a  conii)utation  of  the  amount  of 
business  coming  before  the  Secretary  then  and  now,  which  shows  that 
the  work  is  at  present  from  eight  to  ten  times  that  when  the  first  legis- 
lation for  an  Acting  Secretary  was  asked  for. 

Dr.  Goppee  said  that  owing  to  his  long  connection  with  the  Institu- 
tion— perhaps  the  longest  of  any  member  present,  with  the  possible 
exception  of  Senator  Morrill — he  felt  particularly  in  a  position  to  cor- 
roborate the  statements  made  by  the  Secretary  as  to  the  growth  of  the 
business  of  the  Institution  since  the  passage  of  the  act  relating  to  the 
appointment  of  an  Acting  Secretary,  and  he  thought  the  best  manner 
of  eifecting  this  immediate  relief  to  the  Secretary  was  covered  by  the 
following  resolution  : 

Resolved,  That  the  Secretary  be  empowered  to  appoint  some  suitable  person  who, 
in  case  of  need,  may  sign  sncb  requisitions^  vouchers^  abstracts  of  vouchers,  accounts 
current,  and  indorsements  of  checks  and  drafts  as  arc  needed  in  the  current  busi- 
ness of  the  Institution  or  of  any  of  its  bureaus,  and  are  customarily  signed  in  the 
bureaus  of  other  departments  of  the  Government. 

lie  iulded  that  as  this  came  before  the  Board  at  a  late  hour  he  would 
move,  in  order  to  give  time  for  its  consideration,  that  the  whole  matter 
be  put  in  the  hands  of  a  committee  apx)ointed  by  the  Chancellor  with 
power  to  act. 

The  Chancellor  stated  that  undoubtedly  the  increased  growth  of  the 
Institution  had  introduced  new  demands,  and  that  it  was  desirable 
that  the  action  in  reference  to  them  should  be  carefully  studied. 

After  further  remarks  by  Mr.  Breckinridge  and  Mr.  Henderson  and 
other  members  of  the  Board,  Dr.  Copp^e  said  that  he  thought  the 
ai^tion  of  the  Executive  Committee  could  cover  the  ground  of  the  reso- 
lution, and,  on  motion  of  the  Vice-President,  the  whole  subject  was 
referred  to  the  Executive  Committee  with  power  to  act  on  the  resolu- 
tion. 

The  Secretary  said,  in  connection  with  what  had  just  been  done, 
that  the  increased  burdens  of  extraneous  duties  imposed  by  Congress 
were  accompanied  by  special  expenses  for  administering  appropria- 
tions for  which  no  legislative  provision  was  made,  and  which  necessa- 
rily fell  on  the  limited  Smithsonian  fund,  partly  in  indirect  ways. 
There  was  no  provision,  for  instance,  for  a  disbursing  officer,  or  private 
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secretary,  or  stenographers,  or  clerks,  or  messengers  to  attend  to  the 
administrative  duties  common  to  all  the  bureaus  under  the  BegeDts' 
<»>areu 

Dr.  Copp6e  offered  the  following  resolution,  at  the  same  time  calling 
the  attention  of  the  Board  that  it  referred  to  public  funds  only : 

Resolved,  That  the  Secretary  be  instmct'ed  to  ask  for  an  appropriation  by  Congress 
to  meet  tbe  miscellaneous  expenses  incident  to  tlie  administration  of  tbe  public 
funds  with  wbich  the  Regento  are  intrusted. 

On  motion  the  resolution  was  adopted. 

There  being  no  ftirther  business  before  the  meeting  the  Board  ad- 
journed. 
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special  meeting  of  the  board  of  regents. 

March  29, 1892. 

A  special  meeting  of  the  Board  of  Regents  was  held  to-day  at  a 
quarter  before  10  o'clock  A.  m.  Present:  The  Chancellor — Mr.  Chief- 
Jastice  Fuller,  in  the  Chair;  the  Hon.  Levi  P.  Morton,  Vice- 
President;  the  Hon.  S.  M.  CuUom;  the  Hon.  R.  L.  Gibson;  the  Hon. 
Joseph  Wheeler;  the  Hon.  H.  C.  Lodge;  the  Hon.  W.  C.  P.  Breckin- 
ridge; Dr.  J.  C.  Welling,  and  the  Secretary. 

The  reading  of  the  minutes  of  the  last  meeting  was  dispensed  with, 
and  the  Secretary  read  a  telegram  from  Dr.  Copp6e,  expressing  his 
regret  at  his  inability  to  be  present. 

The  Secretary  stated  that  the  meeting  had  been  called  at  the  request 
of  three  of  the  Begents  chiefly  on  account  of  the  action  of  the  Appro- 
priations Committee  of  the  House  of  Eepresentatives — a  matter  in 
which  the  good  name  of  the  Institution  was  in  some  measure  involved, 
— whereby  the  appropriations  for  various  Government  interests  under 
the  charge  of  the  Begents  had  been  reduced  to  such  an  extent  that  the 
prosi)erity  of  all  these  departments  would  receive  a  blow  from  which 
they  could  not  hope  to  recover  for  years  to  come. 

Especial  stress  was  laid  upon  the  inadequacy  of  the  appropriations 
for  the  National  Zoological  Park  and  attention  was  also  called  to  the 
fact  that  the  park  is  already  visited  on  fair  days  by  thousands  not 
only  of  adults  but  of  children,  while  dangerous  animals  are  there  with- 
out sufficient  buildings  or  cages  or  inclosures,  and  without  means  to 
provide  them,  and  that  the  only  protection  of  the  public  and  especially 
of  children  must  be  from  incessant  guardianship,  which  the  present 
small  and  overworked  force  is  unable  to  properly  render. 

The  Secretary  stated  that  he  was  unable  to  carry  on  the  park  with 
less  expenditure  for  maintenance  than  $26,000,  or  with  a  less  total 
appropriation  than  $50,000,  in  case  it  were  made  in  one  item. 

The  following  resolutions  were  introduced  by  Mr.  Wheeler: 

Eesolredf  That  the  Board  of  Regents  of  the  Smithsonian  Institution  would  re- 
spectfully represent  to  Congress  the  impossibility  of  maintaining  the  administration 
of  the  United  States  National  Zoological  Park,  required  by  the  act  of  Congress  of 
April  30, 1890,  with  a  less  appropriation  for  maintenance  than  $26,000,  or  with  a  less 
total  appropriation  than  $50,000. 

Jlesolred,  That  the  Secretary  of  the  Institution  be  request'Od  to  communioate  this 
resolution  to  the  President  of  the  Senate  and  Speaker  of  the  House  of  Representa- 
tives, with  a  preliminary  statement  of  the  reanous  and  considerations  on  which  it  is 
based. 

After  some  further  discussion,  the  resolutions  were  adopted,  with 
the  understanding  that  such  limited  modification  of  the  wording  might 
be  made  as  to  meet  any  technicality  suggested  by  the  Treasury  De- 
partment. 

There  was  a  general  expression  of  opinion  among  the  Eegentsthat  the 
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condition  of  the  aff'airs  of  the  park  should  be  brought  to  tlic  attention 
of  Congress  by  explanation  on  the  floor  of  the  House  and  Senate  from 
Regents  and  friends  of  the  Institution. 

Further  remarks  on  the  matter  were  made  by  Mr.  Lodge  and  Dr. 
Welling. 

The  Secretary  then  read  a  communication  from  Mr.  Thomas  G. 
Hodgkins,  dated  March  10, 1892,  in  which  Mr.  Hodgkius  stated  that 
he  desired  to  relinquish  the  option  of  contributing  the  further  sum  of 
$100,000  to  the  Smithsonian  fund. 

There  being  no  further  business  before  the  Board,  the  meeting  ad- 
journed. 


REPORT  OF  THE  EXECUTIVE  COMMITTEE  OF  THE  BOARD  OF 
REGENTS  OF  THE  SMITHSONIAN  INSTITUTION. 

For  the  Year  Ending  SOtii  of  June,  1892. 


To  the  Board  of  Regents  of  the  Smithsonian  Institution: 

Your  Executive  Committee  respectfully  submits  the  following  report 
in  relation  to  the  funds  of  the  Institution,  the  appropriations  by  Con- 
gress, and  the  receipts  and  exi)enditure8  for  the  Smithsonian  Institu- 
tion, the  U.  S.  IN^ational  Museum,  the  International  Exchanges,  the 
Bureau  of  Ethnology,  the  National  Zoological  Park,  and  the  Astro- 
Physical  Observatory,  for  the  year  ending  30th  June,  1892,  and 
balances  of  former  years : 

SMITHSONIAN  INSTITUTION. 

Condition  of  the  fund  July  1^  1892. 

The  amount  of  the  bequest  of  James  Smithson  deposited  in  the 
Treasury  of  the  United  States,  according  t-o  act  of  Congress  of  August 
10, 1846,  was  $515,169.  To  this  was  added  by  authority  of  Congress, 
February  8,  1867,  the  residuary  legacy  of  Smithson,  savings  from 
income  and  other  sources,  to  the  amount  of  $134,831. 

To  this  also  have  been  added — a  bequest  from  James  Hamilton,  of 
Pennsylvania,  of  $1,000;  a  bequest  of  Dr.  Simeon  Habel,  of  New 
York,  of  $500;  the  proceeds  of  the  sale  of  Virginia  bonds,  $51,500; 
and  a  gift  from  Thomas  G.  Hodgkins,  of  New  York,  of  $200,000,  mak- 
ing in  all,  as  the  permanent  fund,  $903,000. 

Statement  of  the  receipts  and  expenditures  frrnu  July  i,  1S91,  to  June  SO,  189S. 

RECEIPTS. 

Canh  on  band  July  1 ,  1891 $40, 0(52. 11 

Interest  on  fnnd  July  1,  1891 $21,090.00 

Interest  on  fund  January  1,  1892 23, 391. 36 

14,481.36 

Cash  from  Thomas  Q.  Hodgkins 200,000.00 

$284, 543. 47 

Cash  from  sales  of  publications 378. 24 

Cash  from  repayment  of  freight,  etc 2, 595. 99 

2, 974. 23 

Total  receipts 287,517.70 
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EXPKNDITURKS, 

Building : 

Repairs,  care,  and  improvements $1, 892. 23 

Furniture  and  iixtiires 855. 89 


General  expenses : 

Meetings 558. 50 

Postage  and  telegraph 243. 50 

Stationery 486.37 

General  printing 284. 55 

Incidentals  (fuel,  gaa,  etc. ) 2, 209. 19 

Library  (books,  periodicals,  etc. ) 1, 234, 52 

Salaries* 16,276.85 

Publications  and  researches : 

Smithsonian  contributions 6, 067. 43 

Miscellaneous  collections 855. 55 

Reports 429.04 

Researches 2,031.90 

Apparatus 1, 625. 61 

Explorations 10. 75 

Museum 1,270.00 


$2, 748. 12 


21, 293. 48 


12,290.28 

Literary  and  scientitic  exchanges 3, 310. 49 

Increase  of  fund 200,000.00 


Total  expenditures  (including  $200,000  deposited  in  the 
U.  S.  Treasury  October  22, 1891,  to  the  credit  of  the 
permanent  fund)  $239, 642. 37 

Balance  unexpended  June  30,  1892 47,875.33 

The  cash  received  from  sales  of  publications,  repayments  for  freights, 
etc.,  is  to  be  credited  on  items  of  expenditures  as  follows  : 

Postage  and  telegraph $2. 02 

Stationery 4. 25 

General  printing 2. 10 

Incidentals 3. 57 

Smithsonian  contributions $126. 41 

Miscellaneous  collections 196. 18 

Reports 55. 65 

378.24 

Apparatus 4. 00 

Museum 320.00 

Researches 120.86 

Exchanges 2,139.19 

Total 2,974.23 

The  net  expenditures  of  the  Institution  for  the  year  ending  June  30, 
1802,  was  therefore  $236,688.14,  or  $2,974.23  less  than  the  gross  ex- 
penditures,  $239,642.37,  above  given.  From  the  net  expenditures, 
$236,688.14,  there  should  be  deductc^d  $200,000,  the  amount  deposited 
in  the  U.  S.  Treasury  to  the  credit  of  the  permanent  fund,  making  the 

^  In  addition  to  the  above  $10,276.85  paid  for  salaries  under  general  expenses, 
$4,874.44  were  paid  for  services,  viz :  $236.34  from  apparatus  account,  $1,500  from 
building  account,  $306.28  from  library  account,  $1,431.90  from  researches  account, 
and  $1,399.92  from  Smithsonian  contributions  account. 
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let  ex]^>enditures  for  the  expeuses  and  operations  of  the  Institution 
or  the  year  ending  June  30,  1892,  $36,688.14. 

All  moneys  received  by  the  Smithsonian  Institution  from  interest, 
ales,  refunding  of  moneys  temporarily  advanced,  or  otherwise  are  de- 
posited with  the  Treasurer  of  the  United  States  to  the  credit  of  the 
Secretary  of  the  Institution,  and  all  payments  are  made  by  his  checks 
II  the  Treasurer  of  the  United  States. 

Your  committee  also  presents  the  following  statements  in  regard  to 
ppropriations  and  expenditures  for  objects  intrusted  by  Congress  to 
he  care  of  the  Smithsonian  Institution : 

INTERNATIONAL  EXCIIANGKS. 

Jieccipts. 

Appropriatiou  by  Cougress  for  the  fiscal  year  cudiug  June  30,  1892,  '^for 
expenses  of  the  system  of  international  exchanges  between  the  United 
States  and  foreign  countries,  under  the  direction  of  the  Sraitlisonian 
Institution,  including  salaries  or  compensation  of  all  necessary  em- 
ployes" (sundry  civil  act,  March  3,  1891) $17,000.00 

Expenditures  from  July  1,  1891,  to  June  30,  1892. 

Salaries  or  compensation :  * 

1  carator,  3  months,  at  $208.33,  $624.99;  9  mouths,  at  $225, 

$2,025 $2,649.99 

1  clerk,  12  months,  at  $160 1,920.00 

1  clerk,  12  months,  at  $120 1,440.00 

1  clerk,  12  mouths,  at  $85 1,020.00 

Iclerk,  12months,  at  $80 960.00 

1  clerk,  12  months,  at  $75 900.00 

1  clerk,  12  months,  at  $75 900.00 

1  clerk,  12  months,  at  $65 780.00 

Isteuographei,  12  months^  at  $45 540. 00 

1  clerk,  7  months,  at  $45,  $315      \ 

1  copyist,  5  months,  at  $-10,  $200  \ 515. 00 

1  copyist,  8  days,  at  ^0,  $10.32;  1 1  months,  at  $40,  $440  . . .  450. 32 

1  packer,  12  months,  at  $75 900.00 

1  packer,  12  months,  at  $50 600.00 

1  packer,  3  days,  at  $1.50 4. 50 

1  laborer,  5  months,  at  $50 250. 00 

1  laborer,  7  months,  at  $35 245. 00 

Total  salaries  or  compensation 14, 074. 81 

general  expenses : 

Freight $1,772.01 

Packing  boxes .%3. 05 

Printing  and  binding 103.00 

Postage 1 64. 17 

Stationery  and  supplies 322.  96 

2,925.19 

Total  expenditures  for  international  exchanges 17, 000. 00 


*NotK. — ^The  payments  of  salaries  for  parts  of  months  in  January,  March,  July, 
ingust,  October,  and  December  are  made  on  the  basis  of  31  days,  and  for  the  other 
nonths  (except  February)  at  30  days. 
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NORTH  AMERICAN   KTIINOIOGY. 

Appropriation  by  Congress  for  the  fiscal  year  ending  June  30,  1892,  "for 
continuing  ethnological  researches  among  the  American  Indians  under 
the  direction  of  the  Smithsonian  Institution,  including  salaries  or  com- 
pensatiou  of  all  necessary  employ<?8"  sundry  civil  act,  March  3, 1891  ..  $50,000.00 

Balance  July  1,  1891,  as  per  last  annual  report 12,774.24 


Total 62,774.24 

The  actual  conduct  of  these  investigations  has  been  continued  by  the 
Secretary  in  the  hands  of  Maj.  J.  W.  Powell,  Director  of  the  U.  S.  Geo- 
logical Survey. 

ExpendiiHres  July  i,  1S91,  to  June  SO,  189t, 

Salaries  or  compensation : 

ethnologist,  at  $3,000  per  annum,  11  months $2. 750. 00 

ethnologist,  at  $3,000  per  annum 3, 000. 00 

ethnologists,  at  $2,400  per  annum 4, 800. 00 

ethnologist,  at  $2,000  per  annum 1, 999. 92 

ethnologist,  at  $1,800  per  annum 1, 800. 00 

archfpologist,  at  $2,600  per  annum 2, 599. 92 

assistant  archaeologist,  at  $1,200  per  annum 1, 200. 00 

assistant  archieologist,  at  $1 ,500  per  annum 1, 500. 00 

assistant  ethnologist,  at  $1,800  per  annum,  1  month 150. 00 

assistant  ethnologist,  at  $1,800  per  annum,  2  months 300. 00 

assistant  ethnologist,  at  $1,600  per  annum,  10  months 1, 333. 30 

assistant  ethnologist,  at  $1,8(K)  per  nnuum,  5  months 750. 00 

assistant  ethnologist,  at  $1,400  per  annum,  9  months 1, 049. 94 

assistant  ethnologist,  at  $1,200  per  annum,  11  mouths 1, 100. 00 

assistant  ethnologist,  at  $900  per  annum 900. 00 

assistant  ethnologist,  cat  $900  per  annum,  2  months  and  15 

days 187. 50 

assistant  ethnologist,  at  $600  per  annum,  2  months  and  7^ 

days 115.00 

stenographer,  at  $1,500  per  annum 1, 500. 00 

clerk,  at  $1,200  per  annum,  11  months 1, 100. 00 

clerk,  at  $1 ,200  per  annum 1, 200. 00 

clerks,  at  $720  per  annuui 1, 440. 00 

copyist,  at  $1,0(K)  per  .annum 999. 96 

copyist,  at  $840  per  annum 840. 00 

copyist,  at  $600  per  annum,  1  mouth 50. 00 

modeller,  at  $720  per  annum 720. 00 

modeller,  at  $720  per  annum,  5  months  and  21  days 340. 65 

messenger,  at  $600  per  annum,  9  months 450. 00 

messenger,  at  $600  per  annum,  2  months  and  23  days 138. 33 

laborer,  at  $600  per  annum,  7  months 350. 00 

laborer,  at  $(500  per  annum,  5  months  and  28  days 295. 16 

Unclassified  or  special  jobs,  etc 1, 600. 65 


Total  salaries  or  compensation 36, 560. 33 

Miscellaneous : 

Travelling  expenses $3,  660.  (© 

Transportation 963. 69 

Field  subsistence 719. 20 

Field  expenses    1,675.25 
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Miscellaueons — Cod  tinned. 

Field  material $166.19 

freight 380.55 

Supplies 1,867.98 

Stationery 

Office  furniture 

Publications 

Drawings 

Laboratory  supplies 

Repairs 


80.38 

138. 25 

566.63 

J)08.77 

27.80 

51.11 

*11  OAK  OK 

$47, 766. 18 

Balance  July  1,  1892 15,008.06 

Expenditures  re-classified  by  subject-matter :  ^ 

Sign  language  and  picture-writing 4, 732. 40 

Kxi)lorations  of  mounds 4, 342. 13 

Researches  in  archieology 14, 561. 15 

Researches,  language  of  North  American  Indians 14, 660. 21 

Salaries  in  office  of  Director 3, 678. 29 

Illustrations  for  reports 1, 388. 21 

Researches  among  Pueblos 2, 560. 20 

Contingent  expenses 1, 673.  .52 

47,596.11 
Bonded  railroad  accounts  settled  bv  Treasury 170. 07 


Total  expenditures.  North  American  ethnolo^yy 47,  766. 18 

Balance  July  1, 1892 15,008.06 

Summary. 

July  1,  1891.  Balance  on  hand 12,774.24 

Appropriation  for  North  American  ethnology 50, 000. 00 

62, 774. 24 
Expended 47,766.18 

Balance  July  1, 1892 15, 008.  W 

NATIONAL   MTTSEUM. 

Preservation  of  collections,  Ji'ly  1,  1891,  to  June  30,  1892. 

Jieceipis: 

^X*propriatiou  by  Congress  for  the  Rscal  year  ending  June  30,  1892,  *'for 
<^ontinuing  the  preservation,  exhibition,  and  increase  of  the  coUec- 
'*:ion8  from  the  surveying  and  exploring  expeditions  of  the  Govern- 
Kneut,  and  from  other  sourrcH,  including  Hularios  or  compensation  of  all 
"■iecessary  employ <5»"  (sundry  civil  act,  March  3,  1891) $145,000. 00 

Erpenditurcs. 
^^laries  or  compensation : 

DIRECTION. 

1  Assistant  Secretary  of  the  Smithsonian  Institution,  in 
charge  of  U.  S.  National  Museum,  12  months,  at $333. 33        3, 999. 96 
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SalarieH  or  compensation — Continued. 

BCIBNTIPIC  STAFF. 

curator,  6  months,  at  $225 ;  6  months,  at  $200 $2, 550. 00 

curator,  12  months,  at  $200 2, 400. 00 

curator,  12  months,  at  $200 2, 400. 00 

curator,  7  months,  at  $200 ;  5  months,  at  $175 2, 275. 00 

curator,  12  months,  at  $175 2,100. 00 

curator,  12  months,  at$150 1,800.00 

curator,  11  months,  at  $100 1, 100. 00 


$14,625.00 

acting  curator,  6  months,  at  $140;  6  months,  at  $125 1,590.00 

assistant  curator,  11  months,  at  $166.66;  1  month,  at 

181.66 2,014.92 

assistant  curator,  12  months,  at  $140 1, 680. 00 

assistant  curator,  12  months,  at  $133. 33 1, 599. 96 

assistant  curator,  12  months,  at  $100 1, 200. 00 

assistant  curator,  1  month,  at  $125;  3  months,  at  $50..        275.00 

6,769.88 

assistant,  1  month,  at  $100 100. 00 

assistant,  1  month  and  20  days,  at  $85 141. 67 

assistant,  5  months,  at  $65 325. 00 

assistant,  2  months,  at  $65 130. 00 

assistant,  11  months,  at  $80 880. 00 

aid,  12  months,  at  $100 1,200.00 

aid,  12  mouths,  at  $80 960.00 

aid,  11  months  15  days,  at  83.33 958.00 

aid,  3month8,at  $80 240.00 

aid,  12  months,  at  $60 720.00 

aid,  8  months,  at  $50 400. 00 

aid,  10  months  at  $60;  1  month,  at  $40 640. 00 

aid,  2  months,  at  $50 100.00 

aid,  12  months,  at  $40 480.00 

aid,  4  mouths,  at  $46 ;  1  month,  at  44. 50 ;  7  months,  at $40        508. 50 

6, 206  J 

special  agent,  29  days,  at  $6 17-^- 

collector,  9  mouths,  at  $140 1,260.00 

collector,  9  months,  at  $50 450. 00 


CUEBirAL  STAFF. 

1  chief  clerk,  12  months,  at  $187.50 2,250.00 

1  corresponding  clerk,  12  months,  at  $175 2, 100. 00 

1  registrar,  12  months,  at  $158.33 1,899.96 

1  dishursing  clerk,  12  months,  at  $100 1, 200. 00 

1  assistant  librarian,  12  months,  at  $100 1, 200. 00 

1  stenographer,  11  nnmths,  at  $60 ;  1  month,  at  $85 745. 00 

1  draftsman,  7  months,  15  days,  at  $83. 33 626. 41 

1  assistant  draftsman,  5  months,  at  $40 200. 00 

1  clerk,  12  months,  at  $125 1,.500.00 

1  clerk,  4  months  and  15  days,  at  $125 665. 32 

1  clerk,  12  months,  at  $115 1,380.00 

1  clerk,  12  months,  at  $115 1,380.00 

1  clerk,  12  months,  at  $100 1,200.00 

1  clerk,  12  months,  at  $100 1,200.00 


1,576.67 


1,  no 


32, 651^' 
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ilaries  or  compensation — Continued. 

clerk,  12  months,  at  $90 $1,080.00 

clerk,  12  months,  at  $83.33 999.96 

clerk,  6  months  15  days,  at  $80 520.00 

clerk,  12  months,  at  $75 900. 00 

clerk,  12  months,  at  $70 840.00 

clerk,  12  mouths,  at  $60 720. 00 

clerk,  11  months  24  days,  at  $60 706. 45 

clerk,  11  months  1  day,  at  $60 661.94 

clerk,  12  months,  at  $60 720.00 

clerk,  12  months,  at  $60 720.00 

clerk,  11  months,  at  $60 660.00 

clerk,  12  months,  at  $55 660. 00 

clerk,  12  months,  at  $55 660.00 

clerk,  12  months,  at  $55 660.00 

clerk,  12  months,  at  $55 660.00 

clerk,  12months,  at$50 600.00 

clerk,  12  months,  at  $50 600.00 

clerk,  11  months  7  days,  at  $50 561. 29 

clerk,  3  months  9  days,  at  $50 165.00 

copyist,  12  months,  at  $55 660.00 

copyist,  12  mouths,  at  $50 600.00 

copyist,  12  months,  at  $50 600.00 

copyist,  12  mouths,  at  $50 600.00 

copyist,  3  months,  at  $50 150. 00 

copyist,  8  months  15  days,  at  $45 381, 77 

copyist,  12 months,  at$40 480.00 

copyist,  12  months,  at  $40 480, 00 

copyist,  12month8,  at  $40 480.00 

copyist,  12  months,  at  $40 480.00 

copyist,  12month8,  at$40 480.00 

copyist,  12  months,  at  $35 420.00 

copyist,  3  mouths  16  days,  at  $35 123. 06 

copyist,  12  months,  at  $35 420. 00 

1  copyist,  6  months,  at  $30 180.00 

1  copyist,  12  months,  at  $30 360.00 

1  copyist,  12  months,  at  $30 360.00 

1  copyist,  56  days,  at  $1.50  per  day 84. 00 

1  type- writer,  12  months,  at  $50 600. 00 


$38, 580. 16 


PREPARATORS. 

X.  preparator,  10  months,  at  $100 1, 000. 00 

X  preparator,  12  months,  at  $80 960. 00 

X.  preparator,  12  months,  at  $60 720. 00 

I.   preparator,  6  months,  at  $60,  $360 ;  30  days,  at  $60  per 
month,  $58.06;  28i  days,  at  $60  per  month,  $58.97;  30 

days,  at  $60  per  month,  $58.06 535.00 

X  preparator,  1  month 75. 00 

X  preparator,  24  days,  at  $3.20 76. 80 

1  artist,  12  months,  at  $110 1,320.00 

X  photographer,  9  months,  at  $158.33,  $1,424.97;  15  days, 
at  $158.33  per  mouth,  $76.61 ;  16  days,  at  $158.33  per 

month,  $81.72 1,583.30 

1  taxidermist,  12  months,  at  $60 720. 00 

1  taxidermist,  12  months,  at  $125 1,500.00 
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taxidermist,  12  months,  at  $120 $l,4m00 

taxidermist,  1  month,  $80 ;  2, 280  hours,  at  45  cent« 1 ,  106. 00 

assistant  taxidermist,  19  days,  at  $00  jier  month 36. 77 


Bl'ILDINMS   AN1>  LAB<1K. 


$11,072.96 


superintendent,  12  months,  at  $137. 50 1, 650. 00 

assistant  superintendent,  12  months,  at  $00 1, 080. 00 

chief  of  watch,  12  months,  at  $65 780.00 

chief  of  watch,  12  months,  at  $<v5 780.00 

chief  of  watch,  7  months,  at  $65 450. 00 

watchman,  12  uiontlis,  at  $65 780. 00 

2  watchmen,  12  montlis,  at  $50 7, 200. 00 

watchman,  9  months,  at  $50,  $450;  29  days,   at  $50  per 

month,  $48.33;  29  days,   at  $50  per  month,  $48.:i4;  30 

days,  at  $50  per  month,  $.18.39 595. 06 

watchman,  3  months  26  days,  at  $50 191. 94 

watchman,  9  months  24  days,  at  $45 441. 00 

watchman,  8  months  17  days,  at  $-15  .   384. 68 

watchman,  3  months,  at  $45 135. 00 

watchman,  10  months  29  days,  at  $45 492. 10 

watchman,  10  months,  at  $45,  $450;  30  days,  at  $45  per 

month,  $43.55 ;  30  days,  at  $45  per  month,  $43.55 537. 10 

skilled  lahorer,  12  months,  at  $52 624.00 

skilled  laborer,  12  months,  at  $50 600. 00 

skilled  laborer,  1  month  16  days,  at  $50 75. 81 

skilled  laborer,  19  days,  at  $-15  per  month 27. 58 

skilled  laborer,  27  days,  at  $2 54. 00 

skilled  laborer,  21  days,  at  $1. 50 31. 50 

laborer,  8  months,  at  iH6;  3  mouths,  at  $47.50;  1  month, 

at  $44. 50 5.55.00 

laborer,  2  months,  at  $51 ;  1  month,  at  $52.50;   1  month, 

at  $49.50 ;  5  mouths,  at  $45 ;  3  months,  at  $48 573. 00 

laborer,  4  days,  at  $1.29;  39  days,  at  $1.25;  240  days,  at 

$1.50 413.91 

laborer,  10  months,  at  $40;  1  mouth,  at  $43;  1  month,  at 

$41.50 484.50 

laborer,  12  months,  at  $40 480. 00 

laborer,  12  months,  at  $40 480.00 

laborer,  12  months,  at  $40 480. 00 

laborer,  12  months,  at  $40 480.00 

laborer,  19  days,  at  $40  per  mouth 24. 52 

laborer,  298  days,  at  $1.50 447. 00 

laborer,  303A  days,  at  $1.50 ^455. 25 

laborer,  51  days,  at  $1. 50    76. 50 

laborer,  281  days,  at  $1.50 421.50 

laborer,  297  days,  at  $1.50 445. 50 

laborer,  287^  days,  at  $1.50    431.25 

laborer,  11  days,  at  $1.50 16. 50 

laborer,  32  days,  at  $1 .50 18. 00 

laborer,  78  days,  at  $1.50 117. 00 

laborer,  321  days,  at  $1 .50 481. 50 

laborer,  32  days,  at  $1 .50 48. 00 

laborer,  305|  days,  at  $1.50 460. 38 

laborer,  114  days,  at  $1,50 I71.0t) 
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compensatiuu — (Boutin  nod. 

er,  324id»ys,  at  $1.50 !f?536.25 

er,  327  days,  at. $1.50 490..50 

er,  283  days,  at  $1.50 424.50 

VT,  1.52  days,  at  $1 .50  228. 00 

•cr,  1118  days,  at  $1.50 447. 00 

or,  13  days,  at  $1.50 19. 50 

cr,  65  days,  at  $1.. 50    97.50 

er,  11  months  28  days,  at  $1,50     476. 13 

er,  291^  days,  at  $1 .50    483.  75 

er,  5  days,  at  $1.50  7. 50 

er,  24  days,  at  $1.25 30. 00 

er,  2uionth8,  at$20;  24  days,  at  $1 64.00 

dant,  10  mouths,  at  $40,  $400;  30  days,  at  $40  per 

:h,  $38.71 ;  30  days,  at  $40  per  mouth,  .$38.71 477. 42 

daut,  10  UKmths,  at  $40,  $^100;  28  days,  at  $40  per 

th,  $37.33 ;  29  days,  at  $40  per  mouth,  $38.67 476. 00 

ler,  9  months,  at  $30,  $270;  30  days,  at  $30  per  mouth, 
>3;  29.}  days,  at  $30  per  month,  $29.48;  30iday8,  at  $30 

nouth,  $29.52 358.03 

ler,  12  months,  at  $30 360.00 

er,  lOmcmths,  at  $30,  $300;  30^  days,  at  $30 per  mouth, 

i9;  30  days,  at  $30 per  month,$29.03 358.55 

ler,  12  mouths,  at  $30 360.  00 

ler,  314  days,  at  $1 314.00 

ler,  314  days,  at  $1 314.00 

enger,  12  months,  at  $45 540. 00 

euger,  6  mouths,  at  $45 ;  6  montlis,  at  $50 570. 00 

ouger,  12  months,  at  $30 360.00 

euger,  11  mouths,  at  $30 ;  1  mouth,  at  $31.50 361. 50 

enger,  6  mouths,  at  $25 150. 00 

enger.  12  months,  at  $20 240. 00 

enger,  11  mouths  26  days,  at  $20 236. 77 

en«Lfer,  8  mouths,  at  $25,  $200;   26  days,  at  $25  per 

th,  $20. 16 ;  20  days,  at  $25  per  mouth,  $16.67 236. 83 

enger,  5  montlis  at  $15 88. 55 

$33,606.36 

1  services  by  job  or  contract 2, 839. 64 

d  services 122, 751. 43 

Summary — Preservation  of  coUectionSy  1802. 

ion $3,999.9<> 

ific  staflf 32,652.35 

il  staff 38,580.16 

rators 11,072.96 

ng  and  labor 33,606.36 

1  or  contract  work 2, 839. 64 

Total  salaries  or  compensation 122, 751. 43 

>ou8 : 

ies $2,038.76 

nery , , 842.  79 

ueus , 0,  340. 12 

an4  periodicals ..,,.,..,..,,,..,.......,,,,, ,      453. 00 
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MiscellaDeous — Continued. 

Travel $1,574.81 

Freight  and  cartage 2, 180. 95 

$13,430.43 


Total  expenditure  to  June  30, 1892,  for  preservation  of  collections, 

1892 136,181.86 


Balance  July  1,  1892,  to  meet  ontiiitauding  liabilities 8,818.14 

National  Museum — Furniture  and  fixturesj  July  i,  1891,  to  June  30,  189S. 

RECEIPTS. 

Appropriation  by  Congress  for  the  fiscal  year  ending  June  30, 1892,  ''for 
ca^es,  furniture,  fixtures,  and  appliances  required  for  the  exhibition 
and  safe-keeping  of  the  collections  of  the  National  Museum,  includ- 
ing salaries  or  compensation  of  all  necessary  employes'*  (sundry  civil 
act,  March  3,  1891) I $25,000.00 

EXPENDITURES. 

Salaries  or  compensation : 

1  engineer  of  property,  9  months,  at  $175 $1, 575.00 

1  carpenter,  127  days,  at  $3 381.00 

1  carpenter,  299f  days,  at  $3 899.25 

1  carpenter,  308^  days,  at  $3 925.50 

1  carpenter,  296  days,  at  $3 888.00 

1  carpenter,  13  days,  at  $3 39. 00 

1  carpenter,  58  days,  at  $3 174.00 

1  carpenter,  10  months,  at  $91 910.00 

1  carpenter,  301  days,  at  $3 903.00 

1  carpenter,  14  days,  at  $3 42.00 

1  skilled  laborer,  314  days,  at  $2 628.00 

1  skilled  laborer,  318^  days,  at  $2 637.00 

1  skilled  laborer,  1  month  19^  days,  at  $50 81. 45 

1  skilled  laborer,  19  days,  at  $50 30. 65 

1  skilled  laborer,  11^  months,  at  $50 575. 00 

1  skilled  laborer,  275  days,  at  $2 550.00 

1  skilled  laborer,  315  days,  at  $1.75 551. 25 

1  cabinet-maker,  314  dajs,  at  $3 942. 00 

1  painter,  12  months,  at  $65 780. 00 

1  storekeeper,  12  months,  at  $70 840. 00 

1  property  clerk,  12  months,  at  $90  per  month 1, 080. 00 

1  laborer,  8^  months,  at  $40  per  month $340. 00 

1  laborer,  19  days,  at  $40  per  month 26. 21 

1  laborer,  1  month,  at  $46  per  month 46. 00 

1  laborer,  1  month,  at  $41. 50  per  mouth 41. 50 


453.71 


13, 885. 81 
Special  or  contract  service 87. 96 


Total  expenditures  for  salaries  or  compensation 13, 973. 77 

Miscellaneous,  materials,  etc. : 

Exhibition  cases $350. 00 

Drawings  for  cases 15. 00 

Drawers,  trays,  boxes M3. 72 

Frames,  stands,  etc 169. 50 
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tf  iocellaueous,  roat^rialB,  etc.— Coutinued. 

Gloss $281.75 

Hardware 1,016.95 

Tools 45.59 

Cloth,  cotton,  *t<! 63.05 

Glass  jara 1,062.97 

Irmber 1,660.21 

Paints,  oil,  brushes 499. 70 

Office  fiimitnre 765. 00 

Metals 367.14 

Rubber  and  leather 122. 28 

Ax  paratus 129. 00 

Trtivel 2.00 

PlunibiDg 632. 00 

$7, 725. 86 


Total  expenditure  July  1,  1891,  to  June  30,  1892,  for  furniture 
and  fixtures,  1892 21,699.63 


Balance  July  1,  1892,  to  meet  outstanding  liabilities 3, 300. 37 

Btaiingy  lightingy  electriCj  and  telephonic  service,  July  Ij  1891,  to  June  30,  1S92. 

RECEIPTS. 

Appropriation  by  Congress  for  the  fiscal  year  eudiug  30th  June,  1892, 
"for  expenses  of  heating,  lighting,  electrical,  telegraphic,  and  tele- 
phonic service  for  the  National  Museum" $12, 000. 00 

''  For  removing  old  boilers  under  Museum  hall  in  Smithsoniau  building, 
replacing  them  with  new  ones,  and  for  necessary  alterations  and  con- 
nections of  steam-heathig  apparatus  and  for  covering  pipcH  witli  fire- 
proof material  (sundry  civil  act,  Mjvrch  3,  1891) 3, 000. 00 

15,000.00 

EXPENDITURES. 

Salariett  or  compensation : 

1  engineer,  12  months,  at  $115 $1,380.00 

1  fireman,  6  months,  at  $50  per  month,  $300; 

3(H  days,  at  $50  per  month,  $49.18;  19i  days, 

at  $50  per  month,  $31.45;  28  days,  at  $50  per 

month,  $48.27 ;  9  days,  at  $50  per  month,  $15 .      $443. 91 

1  fireman,  12  months,  at  $50 600.00 

1  fireman,  12  months,  at  $50 600. 00 

1  fireman,  11  mouths  and  9  days,  at  $50 564. 52 


2,208.43 

1  telephone  clerk,  12  months,  at  $60 720. 00  K  ^^q  ^ 

1  telephone  clerk,  12  months,  at  $35 420. 00  )    ' 

1  laborer,  327  days,  at  $1.50  per  day 490.50 

j^l»ecial  service 20.00 

Expenditures  for  salaries  or  compensation 5, 238. 93 

;;eneral  expenses: 

Coal  and  wood $3,365.85 

Gas  1,360.51 

Telephones 622.65 

Electric  work 37.00 

Elf^tric  supplies 87. 53 

Jlental  of  call  boxes 100.00 

e.  Mis.  114 III 
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General  expeiisefl — Ccmtinued . 

Heating  repairs $329. 00 

Heating  supplies 433. 62 

New  boilers  (special  appropriation ) 2, 938. 47 

$9.274.« 


Total  ex])enditiireH  July  1,  1892,  to  June  30,  1892,  for  ho^itiug, 
lighting,  etc 14.513.5( 


Kaliince  July  1,  1892,  to  meet  outstanding  liabilities 486.4^ 

Postage y  July  i,  1891,  to  June  SO,  1893. 

RKCEIPTS. 

Ap])ropriatiou  by  Congress  tor  the  fiscal  year  ending  30th  June,  1892, 
"for  postage  stamps  and  foreign  postal  cards  for  the  National 
Museum"  (sundry  civil  act,  March  3,  1891) $500.(0 

KXrKNDITritES. 

City  post-office  for  pontage  and  pot^tal  cards 500.00 

Appropriation  all  expended  July  1, 1892. 

Printing,  July  1,  1891,  to  June  30,  1892. 
KECEIPT.S. 

Appropriation  by  Congress  for  the  tiscal  year  ending  June 

30,  1892,  **for  the  8niithsoniau  Institution,  for  printing 

labels  and  blanks,  and  for  the  *  Bulletins '  and  volumes  of 

the  '  Proceedings '  of  the  National  Museum  "  (sundry  civil 

act,  March  3,  1891) $15, 000.  (K) 

For  the  Smithsonian  Institution,  for  printing  for  the  use  of 

the  National  Museum  (deHciency  act,  March  3,  1891),  not 

exceeding 1, 000. 00 

16.000.0( 


EXPENDITURES. 

Bulletins  Nos.  39,  40,  41,  42 $3,639.03 

Bulletin,  special,  No.  1  (in  part) 1,  819. 75 

Bulletin,  special.  No.  2  (in  part) 427. 95 

5, 886. 73 

Proceedings,  Vols,  xiii,  xiv,  xv 2, 317. 96 

Extras  from  reports 310. 87 

Lists,  etc 74. 46 

Labels  for  specimens 2, 023. 66 

Letter  heads,  memorandum  pads,  and  envelopes 125. 14 

Blanks 360.05 

Record  books 37. 70 

Congressional  Records 24.  (X) 


Total  expenditure,  July  1,  1891,  to  June  :^0,  1892,  for 
printing,   National  Museum 11, 16^ 


Bnlance  July  1,  1892 4,83^ 
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Building. 

RECEIPTS. 

ropriatiou  by  Conj^ess  "for  removing  the  decayed  wooden  floors  in 
e  MnAeuin  building,  substituting  granolithic  or  artificial  stone  there- 
Ty  and  for  slate  for  covering  trenches  containing  heating  and  electric 
tparatoSy  including  all  necessary  material  and  iabor^  to  be  immedi- 
<?ly  availabl e . '' $5, 000. 00 

KXPKNDITURES. 

ni  March  3,  1891,  to  June  30,  1892 4,474.G4 

Balance  July  1,  1892,  to  meet  outstanding  liabilities 525. 36 

Duties  on  Articles  Imported  for  National  Museum. 

propriatlon  by  Congress  ''to  meet  custom  duties  on  glass,  tin,  and 

ther  dntiable  articles  and  .supplies  imported  for  the  United  Siates 

rational  Museum" 1, 000. 00 

id  direct  by  Treasury  Department : 

Duty  on  glass $642. 75 

Duty  on  glass-top  boxes 7. 25 

Duty  on  glass 291.75 

941.75 

Balance  July  1,  1892 58.25 

Preservation  of  Collections,  1890. 

Balance  July  1,  1891,  as  per  last  annual  report 14. 92 

penditures  from  July  1,  1891,  to  June  30,  1892,  freight 14. 40 

Balance  July  1,  1892 .52 

Vresertation^  of  Collections,  1891. 

Balance  July  1,  1891,  as  per  last  annual  report 7, 979. 99 

penditnres  from  July  1,  1891,  to  Juno  30,  1892: 
Salaries  or  compensation : 

lassistant,  1  month,  at  $80 $80.00 

1  assistant,  1  month,  at  $65 65. 00 

1  clerk,  2mo.,at  $60 120.00 

$265. 00 

Special  or  contract  work 224. 93 

489.93 

Supplies 1, 079. 37 

Stationery 422.54 

Specimens 4, 191. 51 

Ijooks 768.15 

Travel 273.04 

F'reight 4a5.95 


Expenditure  to  June  :}0,  1892 7, 690. 49 

289.50 
Cr.,  by  disallowance  on  stationery 2. 08 

Balance.  July  1,  1892 291. 58 
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Statement  of  Total  Expenditures  of  the  Appropriation  for  Preservation  of  ColkcUnt, 

1891. 


Expenditares. 


From  Jnlyl, 
1890,  to  June 
30, 1891. 


From  July  1, 
1891,  to  Judo 
30. 1892. 


For  salaries $117, 300. 52 


For  nupplicR... 
For  Htationery. 
For  specimen:}. 

For  travel 

For  freight 

For  books 


Total 


iialauce . 
Cr 


3, 052. 32 
1,653.02 
6,211.40 
1, 114.78 
1,862.57 
825.40 


132,020.01 


7. 979. 99 


$489.9:1 
1.079.37 
422.54 
4,191.51 
273.04 
465.95 
768.15 


Total  to  Jane 
30. 1892. 

$117,790.45 
4,131.69 
2,075.56 
10,^.91  I 
1,387.82  : 
2,328.52  ' 
1,593.55  i 


7,600.49  I      139,710.50 


289.  50 


289.50 

2.0ft 


291.58 


hSimiture  and  Fixtures^  1890. 

Balance  July  1,  1891,  aw  per  last  aimaal  report $0.28 

Carried  under  the  action  of  Revised  Statutes,  section  30iK),  by  the  Treasury  ^^ 
partment  to  the  credit  of  the  surplus  fund,  June  30,  1892. 

Furniture  ami  fixtures y  1891. 

Balance  July  1,  1891,  as  per  last  annual  report $3, 690.5* 

Expenditures  from  July  1,  1891,  to  June  30,  1892: 

Exhibition  cases $1, 118.  (K) 


Drawers,  trays,  etc 

Glass 

Hardware 

Tools 

Cloth,  etc 

Glass  jars 

Lumber 

Paints,  oil,  and  brushes 

Office  furniture 

Tin,  lead,  etc 

Rubber  goods 

Travelling  expenses 


43. 50 
397. 91 
212. 42 

23.85 

4.50 

723. 76 

737.65 

52. 77 
316. 70 

42.40 

11.88 
2.85 


Total  expenditure 3,6^' 


Balance  July  1,  1892 


2^ 
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StaUmtui  of  total  expenditure  of  appropriation  for  furniture  and  fixtures  ^  1891. 


Salaries 

Exhibition  cufteB 

Deaigiifi  and  drawingn  . . 
DrawerR,  trays,  boxes  . 

Frnnies,  stands,  etc 

Glass 

Hanlware 

Tools 

Cloth,  ootton,  et« 

Glass  jars 

Lnmber , 

Paints,  oil,  and  brashes 

Office  f amiture 

Metals 

Bubber  goods 

Iron  brackets 

Apparatus 

Travelling  expenses — 
Plnmbing 

Total 

Balance 


From  July  1, 

1890,  to  June 

30, 1891. 


From  July  1, 

1891,  to  June 

30, 1892. 


$14, 212. 
1,295. 

36. 
448. 
330. 
054. 
707. 

73. 
108. 

61. 


52 
00 
00 
08 
52 
50 
13 
67 
03 
92 


Total  to 
J  one  30, 1892. 


11, 118. 00 

43.50 

397. 91 

212. 42 

23.85 

4.50 

723. 76 


1.364.05 

737.65 

565.40 

52.77 

588.22 

316, 70 

268.48 

42.40 

105.04 

11.88 

87.10 

84.50 

• 

5.00 

2.85 

14.24 

21. 309: 46 

3, 688. 19 

3,690.54 

2.35 

$14,212.52 
2.413.00 
36.00 
4^1.58 
330.  52 
1,352.47 
919.55 
97. 52 
112.53 
785.68 
2, 101. 70 
618. 17 
904.92 
310.88 
116.92  i 
87.10 
84.50  I 
'  7.85  i 
14.24  i 

24,997.65 
2.35 


Heating  and  lighting,  etc.,  1890, 

&Qce  July  1,  1881y  as  per  last  annual  report $1. 85 

iirried  iiuder  the  action  of  Revised  Statutes,  section  3090,  by  the  Treasury  De- 
tment  to  the  credit  of  the  surplus  fund,  June  30,  1892. 


Heating,  Ugh  ting,  electric,  and  telephonic  nervice,  1891, 

mce  July  1,  1891,  as  per  last  annual  report $842. 84 

enditnres  fh>m  July  1,  1891,  to  June  30,  1892: 

Coal  and  wood $46.20 

Gas 74.75 

Telephones 200.25 

Electric  work : 32.75 

Electric  supplies 384. 95 

Rental  of  call  boxcH  20.00 

Heating  supplies 81.  79 

Total  expenditure 840.69 

Balance  July  1,1892 1.65 
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Statement  of  total  expenditure  of  appropriation  for  heating^  lighting,  etc., 

1S91,  flSfOOO, 


SalAries. 

CobI  and  wood. 

Gns. 

TeI«pho]i%»8 

Electric  work 

Electric  supplies 

Rental  of  call  boxes. . 

Heating  repairs 

Heating  supplies 

Travelling  expenses. 

ToUl 

Balance 


From  Jnly  1, 

1890,  to  June 

30, 1891. 


$5, 084. 91 

2,  786. 96 

1,233.84 

604.40 

7.50 

905.68 

100.00 

448.95 

5.42 


From  July  1, 

1891.  to  June 

30,1892. 


$46.20  j 
74.75  ! 

200.25  I 
32.75  i 

384.95  ; 
20.00 

81.79 


Total  to 
June  30, 1892. 


$5,084.91 

2,813.16 

1,306.59 

804.65 

40.25 

1,290.63 

120.00 

530.74 

5.42 


11.157.66  I 
842.34  I 


840.69 
1.65 


11,996.35 
1.65 


Poatage— National  Museum,  28S9-'90. 

Balance  July  1, 1891 

Carried  under  the  action  ot  Revised  Statutes,  section  3090,  by  the  Treasury 
partment  to  the  credit  of  the  surplus  fund^  June  30,  1892. 

NATIONAL  ZOIMjOQICAL  PARK. 

Organization  J  improvement,  maintenance. 

BICB1PT8. 

Balance  July  1,  1891 ^23,441 

BXPENDITUKBS  rBOM  JVhY  1,  1891,  TO  JUNK  30,  1892. 

Shelter  of  animals $1,249.96 

Shelter-barns,  cages,  fences,  etc 312. 73 

Artificial  ponds,  etc 1, 032. 98 

Water  supply,  sewerage,  and  drainage 6, 342. 86 

Roads,  walks,  and  bridges 4, 755. 81 

Miscellaneous  supplies 867. 53 

Current  expenses 7, 101. 63 


21,66^ 


Balance  July  1,  1892...., 1,77^ 

Statement  of  the  total  expenditure   of  the  appropriation  for  the  Zoological   Park, 

of  April  SO,  1890. 


From  April 

30,  1890.  to 

June  30, 1801 


Shelter  of  animals 


Shelter-bams,  cages,  fences,  etc 

Repairs  to  Holt  mansion,  etc 

Artificial  ponds,  etc 

Water  supply,  sewerage,  and  drainage. 

Roads,  walks,  and  bridf^es 

Miscellaneous  supplies 

Current  expenses 

Total 


30, 1892.      I      ^"'  *'*"•      1 


$13, 675. 25 

$1, 249.  96 

$14,925.21 

8, 643.  33 

312. 73 

8,956.06 

2,000.00 

2,000.00 
1,089.14 

56.16 

1,032.98 

657.14 

6,342.8G 

7,000.00 

10, 244. 19 

4.  755. 81 

15.000.00 

4, 132. 47 

867.53 

5,000.00 

29. 149.  G2 

7. 101.  63 

36,2!>1.25 

68.  558. 16 

21,063.50 

$90,221.66 
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c 

Jiuildings,  189-2. 

ropriation  by  Congress  *'  for  erecting  and  repairing  buildings  and 
closures  for  animals  and  for  administi^ativc  purposes  in  thu  National 
Milogical  Parky  including  salaries  or  compensation  of  all  necessary 
sploy^Sy  eighteen    tbousand  dollars"   (sundry  civil   act,  March  3, 

91) $18,0(X).00 

«Dditares  from  July  1,  1891,  to  June  30,  1892: 

Fencing $107. 50 

Fuel 4.20 

«,  paints,  oils,  etc 227. 40 

dware,  tools,  etc 1,  249. 98 

ting  apparatus 3. 545. 00 

iber 3,023.41 

2ellaneous 83. 10 

KB,  drawings,  etc 575. 00 

hTies  or  compensation 8,  624.  32 

le,  brick,  lime,  cement 328. 55 

17,768.40 

Balance  July  1,  1892 231.54 

ImprovementH,  1892. 

ropriation  by  Congress  ''for  continuing  the  construction  of  roads, 

alks,  bridges,  water  supply,  sewerage,  and  drainage,  and  for  grad- 

g,  planting,  and  otherwise  improving  the  grounds  of  the  National 

>ological  Park,  including  salaries  or  compensation  of  all  necessary 

nploy^s,  fifteen  thousand  dollars"  (sundry  civil  act,  March  3,  1891.)       15,000.00 

enditures  from  July  1,  1891,  to  June  30,  1892: 

Building  bridge  (contract) $1,  742. 50 

Building  material 544. 17 

Freight 74.00 

Hard  ware 17. 20 

Lumber 333.09 

Salaries  or  compensation 8, 181, 84 

Settees,  etc 420. 00 

Supplies   81. 95 

Surveying,  plans,  and  drawings' 2, 961 .  79 

Tools  and  implements 173. 77 

Travelling  expenses,  etc 68.  .50 

Trees,  plants,  and  fertilizers 279.  >^:y 

14, 878.  06 

Balamt^  July  1,  1892 121.34 

Maintenance,  1892. 

ropriation  by  Cbngress  '^  for  care,  subsistence,  and  trans- 
»rtation  of  animals  for  the  National  Zoological  Park,  and 
r  the  purchase  of  rare  specimens  not  otherwise  obtain- 
de,  including  salaries  or  compensation  of  all  necessary 
aployds,  and  general  incidental  expenses  not  otherwiso 
ovided  for,  seventeen  thousand  five  hundred  dollars, 
le-half  of  which  sum  shall  be  paid  from  the  revenues  of 
e  District  of  Columbia  and  the  other  half  from  the  Treas- 
y  of  the  United  States"  (sundry  civil  act,  March  3, 
91.) $17,500.00 
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For  care  and  snlmistence  of  animalB  for  the  National  Zo- 
ological Park,  fiscal  year  eighteen  hundred  and  ninety -two, 
one  thousand  dollars^  one-half  of  which  sum  shall  be  paid 
from  the  revenues  of  the  District  of  Columbia  and  the  I    ^ 

other  half  from  the  Treasury  of  the  United  States  (de-  |    ' 

ficieney  act,  March  8,  1892) $1,000.00 


$18,500.00 


Expenditnres  from  July  1,  1891,  to  June  30,  1892: 

Coal  and  wood 263. 12 

Food  for  animals 3, 738. 12 

Freight  and  hauling 222. 91                      |    i 

Hardware,  etc 76. 05 

Horseshoeing 33. 14 

Lumber 27.  .50 

Miscellaneous  expenses 394. 22 

Salaries  or  compensation 10, 984. 12 

Stationery  and  printing 72. 77 

Specimens 1, 301. 55 

17,113.50 


Balance,  July  1,  1892 1,386.50 

SMITHSONIAN   INfiTITl'TION   BCILDINO. 

liepah'ft. 

RECEIPTS. 

Balance,  July  1,1891. $22,585.*^ 

BXPEKUnURBS  PROM  JULY  1,  1891,  TO  JUNB  30,  1BS»2. 

Buildiug  material,  lime,  cement,  etc $230. 47 

Copi>er  gutters,  flashing,  etc 545. 65 

Glass 305.71 

Hardware 136. 66 

Iron  roof  and  ceiling  (contract) 4, 663. 12 

Lumber 230.67 

Miscellaneous 19. 25 

Pbwfceriug  (contract) 2, 176. 50 

Services,  carpenti^rs,  paint<ers,  laborers,  etc 1, 490. 01 

Slate- work  (contract) 603. 65 

Window  sash,  etc 323.00 

10, 724. 


Balance  July  1, 1892 11,861. 

ASTRO-PHYSICAL  OBSERVATORY— SMITHSONIAN  INSTITUTION,  1892. 

Appropriation  by  Congress  **for  maintenance  of  Astro-Physical  Observ- 
atory under  the  direction  of  the  Smithsonian  Institution,  including 
salaries  of  assistants  and  the  purchase  of  additional  apparatus"  (sun- 
dry civil  act,  March  3,  1891) $10,000.00 

ExpendUnreHfrom  July  /,  1S91,  io  June  SO,  1893. 

Salaries  or  compensation  : 

1  senior  assistant,  7^  months,  at  $200 $1, 500. 00 

-     1  astronomer,  1  month,  at  $180,  $180;  11^  days, 

at$180per  mouth,  $66.77 246.77 
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n  pen»ation — Continued. 

.,  10  days,  at  $166.66  per  month $55. 55 

i,  1  month,  at  $60,  $60 ;  17  days,  at  $60 
th^  $32.90;  li  months,  at  $83.33  per 
^124.99;  9  days,  at  $83.33  per  month, 

242.89 

ontbSy  at  $45,  $135;  30  days,  at  $45 

th,  $43.55 178.55 

kpher,  1  month,  at  $158.33,  $158.33;  16 
$158.33  per  month,  $81.72;  15  days,  at 

»er  month,  $76.61 316.66 

ipher,  1  month,  at  $150 150.00 

>nt-maker,  9^  days,  at  $60  per  month, 

I57i  hours,  at  25  cents  per  hour,  $39.38 .  56. 80 

n,  246  hours,  at  60  cents  per  hour 147. 60 

r,  3i  days,  at  $3  per  day 10. 50 

r,  li  months,  at  $91  per  month,  $136.50; 

,at$91  per  month,  $33.76 170.26 

3  months,  at  $50  per  mouth,  $150;  4 

at  $60  per  month,  $240 390. 00 

laries  or  compensation $3, 465. 58 

expenses : 

appliauces 3, 841. 42 

280.50 

41.57 

ous  supplies 480. 80 

liture 29. 75 

8.00 

and  gas-fitting 26. 70 

)lankB,  etc 18. 00 

books  and  binding 419. 19 

145.00 

;  expenses 87. 10 

5,378.03 

penditures,  Astro-Physical  Observatory $8, 843. 61 

July  1,1892... *. 1,156.39 

KECAPITULATION. 

lount  of  funds  administered  by  the  Institution  during  the  year  end- 
^92,  appears  from  the  foi*egoing  statements  and  the  account  books  to 
follows : 

Smithsonian  Institution. 

of  last  year,  July  1,  1891 $40,062.11 

h  from  executors  of  Dr.  J.  H.  Kidder  $5, 000. 00 
I  from  gift  of  Dr.  Alex.  Graham  Bell)    5, 000. 00 

10, 000. 00 

on  Smithsonian  fund  for  the  year 44, 481. 36 

publications 378.24 

ents  for  freight,  etc 2, 595. 99 

G.  Hodgkina 200,000.00 

$2^1,5VI,1^ 
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Appropriations  committed  by  CougresH  to  the  care  of  the  InatitutioH, 

Interuational  exchanges — Smitbsouian  lustitution : 

From  appropriation  for  1891-*92 S17,000.(« 

North  American  Ethnology : 

From  balance  of  last  year  (1890-*91),  July  1. 1891 $12,774.24 

From  appropriation  for  189l-'92 r>0,(R)(),00 

G2. 774.24 

Preservation  of  collections — Museom : 

From  balance  of  1889-'90 14. 92 

From  balance  of  1890-'91,  July  1,  1801 7, 979. 99 

From  appropriation  for  189I-'92 14r),(XH).00 

: 152.994.91 

Printing — Mnseum : 

From  balance  of  1889-'90 64.  .55 

From  balance  of  1890,  July  1,  1891 1,064.65 

From  appropriation  for  1891-^92 16.000.00 

17.129.30 

Furniture  and  fixtures — Museum : 

From  balance  of  1889-'90 ,28 

From  balance  of  1890-'91,  July  1,  1891 3, 690. 54 

From  appropriation  for  1891-^92 25,000.00 

28. 690.  K. 

Heating,  lightiug,  etc. — Museum: 

l-Yom  balance  of  1889-'90 1. 85 

From  balance  of  1890-'91,  July  1,  1891 842.34 

From  appropriation  for  1891-'92 15, 000. 00 

15, 844.  ly 

Postage — Museum ; 

From  balance  of  1889-'90 500, 00 

From  appropriation  for  1891-'92 .500.  (K) 

1,000.00 

Building — National  Mnseum: 

From  appropriation  for  1891-'92 5,000.00 

Duties  on  articles  imported  for  National  Museniu: 

From  appropriation  for  1891-'92 1, 000. 00 

National  Zoological  Park : 

From  balance  of  1889-^90,  July  1,  1891 23,4-41.84 

From  appropriation  for  1891-'92 50, 500. 00 

■ 73,94l.H4 

Smithsonian  Institution  building,  repairs: 

From  balance  of  appropriation,  July  1,  1891 22, 585. T7 

Astro-Physical  Observatory — Smithsonian  Institution : 

From  appropriation  1891-'92 10, 000. 00 

SUMM.\RY. 

Smithsonian  Institution ^5287, 517. 7^ 

Exchanges 17,000.00 

Ethnology 62,774.24 

Preservation  of  collections 152, 994. 91 

Furniture  and  fixtures 28, 690. 8^ 

Heating  and  lighting 1.5, 844.  l9 

Postage 1,000.00 

Printing 17,129.20 

Building,  National  Museum .5, 000. 00 

Duties  on  articles  for  National  Museum 1, 000. 00 

Zoological  park 73,941.84 

Smithsonian  building,  repairs 22,  bUo,  77 

Astro-Physical  Observatory 10,000.00 

695, 478. 67 
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^he  coiumittee  has  examined  the  vouchers  for  payment  from  the 
ithsonian  income  during  the  year  ending  June  30, 1892,  each  of 
ch  l)ear8  the  approval  of  the  Secretary  or,  in  his  absence,  of  the 
:ing  Secretary,  and  a  certificate  that  the  materials  and  services 
rged  were  applied  to  the  purposes  of  the  Institution. 
The  committee  has  also  examined  the  accounts  of  the  several  appro- 
Eitions  committed  by  Congress  to  the  Institution,  and  finds  that  the 
ances  hereinbefore  given  correspond  with  the  certificates  of  the  dis- 
sing  clerk  of  the  Smithsonian  Institution,  whose  apiK)intment  as 
h  disbursing  officer  was  accepted  and  his  bonds  approved  by  the 
retary  of  the  Treasury. 

lie  quarterly  accounts-current,  the  vouchers,  and  journals  have 
u  examined  and  found  correct. 

Ls  stated  in  the  last  annual  report  of  the  committee,  the  balance  of 
appropriation  for  last  year  for  ethnological  researches  (Bureau  of 
inology)  was  continued  in  the  hands  of  the  disbursing  clerk  of  the 
reau  (Mr.  J.  D.  McChesney).  This  balance  having  since  been  fiilly 
bursed  by  him  and  the  appropriation  for  ethnological  researches  for 
3  present  year  as  well  as  the  appropriation  for  the  Astro-Physical 
>8ervatory  having  been  added  to  those  already  in  the  hands  of  the 
bursing  clerk  of  the  Institution  (Mr,  William  W.  Karr),  all  the  ap- 
)priations  committed  by  Congress  to  the  care  of  the  Institution  are 
(?  disbursed  by  the  disbursing  clerk  of  the  Smithsonian  Institution, 
opting  the  appropriation  for  "printing,  National  Museum,"  which 
executed  under  the  direction  of  the  Public  Printer  (Revised  Statutes, 
tion  3661). 

emeut  of  regular  income  from  the  Smithsonian  fund  arcilabU  for  use  in  the  year 

ending  June  30,  1893. 

ince  on  hand  Jane  30, 1892 $47,875.33 

•.lading  the  cash  from  executors  of  Dr.  J.  H.  Kidder $5,  000. 00 

loding  the  cash  from  Dr.  Alex.  Grahaiu  Bell ) 5,  (XX).  00 

10, 000. 00 

irest  due  and  receivable  July  1,  1892 27, 090. 00 

jrest  due  and  receivable  January  1,  1893 27, 090. 00 

64, 180. 00 

Totol  available  for  year  ending  June  :W,  1893 102, 055. 33 

tespecitfully  submitted. 

James  C.  Welltng, 

Henry  Copp^e, 

J.  B.  Hendeeson, 

Executive  Committee, 

Vashington,  D.  C,  November  18^  18!):2. 


ACTS  AND   RESOLUTIONS  OF  CONGRESS   RELATIVE  TO  THE 
SMITHSONIAN  INSTITUTION,  NATIONAL  MUSEUM,  ETC. 

(In  continuation  from  previous  Reports.) 


[Fifty-second  Congress,  first  session,  1891,  1892.] 

SMITHSONIAN   INSTITUTION. 

Joint  Kksolution  [No.  2]  to  fill  vacancies  in  the  Board  of  Regents  of  the  Smith- 
sonian Institution. 

Resolved  by  the  Senate  and  House  of  Representatives  of  the  United 
^tutes  of  America  in  Congress  asseinhledj  That  the  vacancies  in  the 
^oard  of  Regents  of  the  Smithsonian  Institation,  of  the  class  other 
tlian  members  of  Congress  shall  be  filled  by  the  appointment  of  Wil- 
liam Preston  Johnston,  of  Louisiana,  in  ])lace  of  Noah  Porter,  of  Con- 
tiecticut,  resigned,  and  the  appointment  of  John  B.  Henderson,  a  citizen 
of  the  District  of  Columbia,  in  place  of  Montgomery  C.  Meigs,  deceased, 
and  by  the  reappointment  of  Henry  Coppee,  of  Pennsylvania,  whose 
term  of  oflBee  expired  on  December  twenty-sixth,  eighteen  hundred  and 
ninety-one.    (Approved  January  26,  1892.) 

War  Department — Buildings  and  Grounds:  For  improvement,  main- 
tenance and  care  of  Smithsonian  Grounds,  including  construction  of 
asphalt  roads  and  paths,  five  thousand  dollars.  (Sundry  civil  appro- 
priation act.    Chap.  380.  Statutes,  p.  375.    Approved  August  5, 1892.) 

INTERNATIONAL  EXCHANGES. 

For  expenses  of  the  system  of  international  exchanges  between  the 
United  States  and  foreign  countries,  under  the  direction  of  the  Smith- 
sonian Institution,  including  salaries  or  compensation  of  all  necessary 
employees,  twelve  thousand  dollars.  (Sundry  civil  appropriation  act. 
chap.  380.     Statutes  p.  360.    Approved  August  5,  1892.) 

Treasury  Department :  To  pay  amounts  found  due  by  the  accounting 
oflScers  of  the  Treasury  on  account  of  international  exchange,  Smith- 
Bonian  Institution,  being  for  the  service  of  the  fiscal  year  eighteen 
hundred  and  ninety,  as  follows: 

To  pay  the  Baltimore  and  Ohio  Railroad  Company,  sixty-seven  cents. 
(Deficiencies  appropriation  act,  chap.  311.  Statutes,  p.  283.  Approved 
July  28,  1892.) 

Library  of  Congress:  For  compensation  of  Librarian,  [etc.]    ♦     * 
eight  assistant  librarians,  at  one  thousand  four  hundrea  dollars  each, 
one  of  whom  shall  be  in  charge  of  international  exchanges. 

*  •  •  For  expenses  of  exchanging  public  documents  for  the 
publications  of  foreign  governments,  one  thousand  1\\e^  hundred  dollars, 
(Legislative,  executive,  and  judic]<al  act.  Cha)).  196,  Statutes,  p.  189. 
Approved  July  16,  1892.) 
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Department  of  the  Interior —  United  States  Patent  Office:  For  porcbase 
of  professional  and  scientific  books,  and  expenses  of  transporting  pub- 
lications of  patents  issued  by  the  Patent  Office  to  foreign  governments, 
two  thousand  five  hundred  dollars.  (Legislative,  executive,  and 
judicial  a<5t.    Chap.  196,  Statutes,  p.  215.    Approved  July  16, 1892.) 

War  Department:  For  the  transportation  of  reports  and  maps  to 
foreign  countries  through  the  Smithsonian  Institution,  one  hundred 
dollars.  (Sundry  civil  aj)propriation  act,  Ghap.  380.  Statutes,  p.  378, 
Approved  August  5, 1892.) 

Naval  Observatory:  For  repairs  [etc.,]  •  •  •  freight,  including 
transmission  of  public  documents  through  the  Smithsonian  exchange. 
[etc.]  two  thousand  five  hundred  dollars,  (Legislative,  executive  and 
judicial  act,  Chap.  196,  Statutes,  p.  211.    Approved  July  16,  1892.) 

U.  S.  Oeological  Survey:  For  the  purchase  of  necessary  books,  for  the 
library,  and  the  payment  for  the  transmission  of  public  documents 
through  the  Smithsonian  exchange,  two  thousand  dollars.  (Sundry 
Civil  appropriation  act,  ('>hap.  380.  Statutes,  p.  371.  Approved  Au- 
gust 5,  1892.) 

NATIONAL  MUSEUM. 

For  continuing  the  preservation,  exhibition,  and  increase  of  the  col- 
lection from  the  surveying  and  exploring  expeditions  of  the  Grovem- 
ment,  and  from  other  sources,  including  salaries  or  compensation  of  all 
necessary  employees,  one  hundred  and  thirty-two  thousand  five  hun- 
dred dollars. 

For  cases,  furniture,  fixtures,  and  appliances  required  for  the  exhi- 
bition and  safe-keeping  of  the  collections  of  the  National  Museum,  in- 
cluding salaries  or  com]>ensation  of  all  necessary  employees,  fifteen 
thousand  dollars. 

For  expense  of  heating,  lighting,  electrical,  telegraphic  and  telephomc 
service  for  the  i^ational  Museum,  eleven  thousand  dollars. 

P'or  postage  stamps  and  foreign  }x>8tal  cards  for  the  National  Mu- 
seum, five  hundred  dollars.  (Sundry  civil  appropriation  act,  chap.  380. 
Statutes,  p.  300.    Approved  August  5,  1892.) 

Treasury  Department, — ^To  pay  amounts  found  due  by  the  accounting 
officers  of  the  Treasury  on  account  of  preservation  of  collections, 
National  Museum,  being  for  the  services  of  the  fiscal  year  eighteen 
hundred  and  ninety,  as  follows: 

To  pay  the  Baltimore  and  Ohio  Railroad  Company,  four  dollars  and 
forty-seven  cents;  to  pay  the  Atlantic  and  Pacific  Railroad  Ck)mpany, 
two  dollars  and  fifty  cents;  in  all,  six  dollars  and  ninety-seven  cents. 
(Deficiencies  appropriation  act.  Chap.  311.  Statutes,  p.  283.  Ap- 
proved July  28,  1892.) 

Public  Printing  and  Binding, — For  the  Smithsonian  Institution,  for 
printing  labels  and  blanks  and  for  the  "Bulletins"  and  annual  vol- 
umes of  the  "Proceedings"  of  the  National  Museum,  twelve  thousand 
dollars.  (Sundry  civil  appropriation  act.  Chap.  380.  Statutes,  p. 
388.    Approved  August  5,  1892.) 

Joint  Resou'TIon  [No.  8,]  to  encourage  the  establialiiiient  and  endowment  of 
inRtitutions  of  learning  at  the  national  capital  by  defining  the  policy  of  the  Gov- 
ernment with  reference  to  the  use  of  its  literary  and  scientitic  collections  by 
Htudents. 

Whereas,  large  collections  illustrative  of  the  various  arts  and  scien- 
ces and  facilitating  literary  and  scientitic  research  have  been  accu- 
mulated by  the  action  of  Congress  through  a  series  of  years  at  the 
national  capital^  and 
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Whereas  it  was  the  original  purpose  of  the  Government  thereby  to 
I>romote  research  and  the  diffusion  of  knowledge,  and  is  now  the  set- 
tled policy  and  present  practice  of  those  charged  with  the  care  of 
these  collections  specially  to  encourage  students  who  devote  their 
time  to  the  investigation  and  study  of  any  branch  of  knowledge  by 
allowing  to  them  all  proper  use  thereof;  and 

Whereas  it  is  represented  that  the  enumeration  of  these  facilities 
and  the  formal  statement  of  this  policy  will  encourage  the  establish- 
ment and  endowment  of  institutions  of  learning  at  the  seat  of  Govern- 
luenty  and  promote  the  work  of  education  by  attracting  students  to 
avail  themselves  of  the  advantages  aforesaid  under  the  direction  of 
competent  instructors:    Therefore, 

Resolved  by  the  Senate  and  House  of  Representatives  of  the  United 
States  of  America^  in  Congress  assembled^  That  the  facilities  for  research 
and  illustration  in  the  following  and  any  other  Governmental  collec- 
tions now  existing  or  hereafter  to  be  established  in  the  city  of  Wash- 
ington for  the  promotion  of  knowledge  shall  be  accessible,  under  such 
mles  and  restrictions  as  the  officers  in  charg;e  of  each  collection  may 
prescribe,  subject  to  such  authority  as  is  now  or  may  hereafter  be  per- 
mitted by  law,  to  the  scientific  investigators  and  to  students  of  any 
institution  of  higher  education  now  incori)orated  or  hereafter  to  be  in- 
coriwrated  under  the  laws  of  Congress  or  of  the  District  of  Columbia, 
to  wit: 

One.  Of  the  Library  of  Congress. 

Two.  Of  the  National  Museum. 

Three.  Of  the  Patent  Office. 

Four.  Of  the  Bureau  of  Education. 

Five.  Of  the  Bureau  of  Ethnology. 

Six.  Of  the  Army  Medical  Museum. 

Seven.  Of  the  Department  of  Agriculture. 

Eight,  Of  the  Fish  Commission. 

Nine,  Of  the  Botanic  Gardens. 

Ten.  Of  the  Coast  and  Geodetic  Survey. 

Eleven.  Of  the  Geological  Survey. 

Twelve.  Of  the  Naval  Observatory. 

(Approved,  April  12, 1892.) 

NORTH   A3IERICAN  ETHNOLOGY. 

For  continuing  ethnological  researches  among  the  American  Indians, 
under  the  direction  of  the  Smithsonian  Institution,  including  salaries 
or  compensation  of  all  necessary  employees,  forty  thousand  dollars. 
(Sundry  civil  appropriation  act.  Chap.  380.  Statutes,  p.  300.  Ap- 
proved August  6,  1892,) 

ASTBO-PHYSK^AL   OBSERVATORY, 

For  maintenance  of  astro-physical  observatory,  under  the  direction 
of  the  Smithsonian  Institution,  including  salaries  of  assistants,  appa- 
ratus, and  miscellaneous  expenses,  ten  thousand  dollars.  (Sundry  civil 
appropriations  act.  Chap,  380,  Statutes,  p.  360.  Approved  August  5, 
1892.) 

NATIONAL   ZOOLOGICJAL  PARK. 

For  (Mintiuning  the  construction  ot  roads,  walks,  bridges,  water  sup- 
ply, sewerage,  and  drainage;  and  for  grading,  planting,  and  otherwise 
improving  the  grounds;  erecting,  and  repairing  buildings  and  inclos- 
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ures  for  anioials;  and  for  administrative  pnriwses,  care,  subsistence, 
and  transportation  of  animals,  including  salaries  or  compensation  of 
all  necessary  employees,  and  general  incidental  expenses  not  otherwijie 
provided  for,  fitty  thousand  dollars,  one-half  of  which  sum  shall  be 
paid  from  the  revenues  of  the  District  of  Columbia  and  the  other  half 
from  the  Treasury  of  the  United  States;  and  a  rejiort  in  detail  of  the 
expenses  on  account  of  the  National  Zoological  Park  shall  be  made  to 
Congress  at  the  beginning  of  each  regular  session.  (Sundry  civil  ap- 
propriation act.  Chap.  380,  Statutes,  p.  3(50.  Ai)proved  August  5, 
1892.) 

For  care  and  subsistence  of  animals  for  the  National  Zoological  Park, 
fiscal  year  eighteen  hundred  and  ninety- two,  one  thousand  dollars,  one- 
half  of  which  sum  shall  be  paid  from  the  revenues  of  the  District  of 
Columbia,  and  the  other  half  from  the  treasury  of  the  United  States. 
(Deficiency  appropriation  act,  Chap.  12,  Statutes,  p.  (>.  Approved 
March  8, 1892.) 

To  pay  Melville  Lindsay  for  rubber  boots  furnished  to  employees 
engaged  to  work  in  water  in  the  National  Zoological  Park,  being  a 
deficiency  for  the  fiscal  year  eighteen  hundred  and  ninety-one,  thirty- 
eight  dollars.  (Deficiencies  appropriation  act.  Chap.  311.  Statutes, 
p.  284.    Approved  July  28,  1892.) 

world's  (^OLITMBIAN  EXPOSITION  AT  CHICAGO. 

Treasury  Department:  For  the  selection,  purchase,  preparation, 
transportation,  installation,  care  and  custody,  and  arrangement  of  such 
articles  and  materials  as  the  heads  of  the  several  Executive  Dei)art- 
ments,  the  Smithsonian  Institution,  and  National  Museum,  and  the 
United  States  Fish  Commissicm  may  decide  shall  be  embraced  in  the 
Government  exhibit,  and  such  additional  articles  as  the  President  may 
designate  for  said  Exposition,  and  for  the  employment  of  proper  i>er- 
sons  as  officers  and  assistants  to  the  Board  of  Control  and  IVfanage- 
meut  of  the  Government  exhibit,  appointed  by  the  President,  of  which 
not  exceeding  five  thousand  dollars  may  be  expended  by  said  Board  for 
clerical  services,  four  hundred  and  eight  thousand  two  hundred  and 
fifty  dollars:  Provided  That  all  expenditures  for  the  purposes  and  from 
the  appropriation  specified  herein  shall  be  subject  to  the  approval  of 
the  said  Board  of  Control  and  Management  and  of  the  Secretary  of 
the  Treasury,  as  now  provided  by  law.  (Sundry  civil  appropriation 
act.  Chap.  380.    Statutes,  p.  362.    Ai)proved  August  5,  1892.) 

COLUMBIAN  HISTORICAL  EXPOSITION  AT  MADRID. 

State  Department:  For  the  expense  of  representation  of  the  United 
States  at  the  Columbian  Historical  Exposition  to  be  held  in  Madrid  in 
eighteen  hundred  and  ninety-two  in  commemoration  of  the  four  hun- 
dredth aniversary  of  the  discovery  of  America,  fifteen  thousand  dol- 
lars, or  so  much  thereof  as  may  be  necessary,  to  be  expended  under 
the  direction  and  in  the  discretion  of  the  Secretary  of  State:  and  the 
President  is  hereby  authorized  to  appoint  a  commissioner-general  and 
two  assistant  commissioners,  w^ho  may,  in  his  discretion,  be  selected 
from  the  active  or  retired  list  of  the  Army  or  Navy,  and  shall  serve 
without  other  compensation  than  that  to  which  they  are  now  entitled 
by  law,  to  represent  the  United  States  at  said  exposition;  that  it  shall 
be  the  duty  of  such  commissioneis  to  select  irom  the  archives  of  the 
United  States,  from  the  National  Museum,  and  from  the  various  execu- 
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five  departments  of  the  Government  such  pictures,  books,  papers, 
docanientSy  and  other  articles  as  may  relate  to  the  discovery  and  early 
settlement  of  America  and  the  aboriginal  inhabitants  thereof;   and 
they  shall  be  authorized  to  secure  the  loan  of  similar  articles  from 
other  museums  and  private  collections,  and  arrange,  classify,  and  in- 
stall them  as  the  exhibit  of  the  United  States  at  the  said  exposition; 
that  the  President  is  <authorized  to  cause  the  detail  of  officers  from  the 
active  or  retired  list  of  the  Army  and  Navy,  to  serve  without  compen- 
sation other  than  that  to  which  they  are  now  entitled  bylaw,  as  assist- 
ants to  said  commissioners;  and  the  said  commissioners  shall  be  au- 
thorized to  eujploy  such  clerical  and  other  assistance  as  may  be  neces- 
sary, subject  to  the  approval  of  the  Secretary  of  State.    (Deficiencies 
appropriation  act,  Chaf>.  72,  Statutes,  p.  34.    Approved  May  13, 1892.) 
^tate  Department:   For  expenses  of  representation  of  the  United 
States  at  said  exposition,  ten  thousand  dollars.    (Sundry  civil  appro- 
j>riatiou  act,  Chap.  38D,  Statutes,  p.  350.    Approved  August  5,  1892.) 

H.  Mis.  114 iv 


REPORT  OF  S,  P.  LANGLEY, 

SECRETARY  OF  THE  SMITHSONIAN  INSTITUTION, 

FOR  THE  YEAR  ENDING  JUNE  30,  1892. 


the  Board  of  Regents  of  the  Smithsonian  Institution: 
rENTLEMEN :  I  bave  the  honor  to  submit  herewith  my  report  for  the 
r  eudiug  June  30, 1892,  of  the  operations  of  the  Smithsonian  Insti- 
ion,  including  the  work  placed  by  Congress  under  its  charge  in  the 
rional  Museum,  the  Bureau  of  Ethnology,  the  International  Ex- 
uges,  the  National  Zoological  Piu'k,  and  the  Astro-Physical  Observ- 

tatters  of  general  interest  have  been  treated  of  in  the  body  of  the 
ort,  while  in  the  Appendix  will  be  found  detailed  reports  on  the 
re  important  subdivisions  of  the  work  of  the  Institution,  namely: 
Bureau  of  Ethnology,  the  Bureau  of  International  Exchanges,  the 
rary,  the  National  Zoological  Park,  the  Astro-Physical  Observatory, 
L  the  Editor  in  charge  of  Publications. 

'he  work  of  the  National  Museum  is  reported  on  at  length  in  a  sep- 
te  volume  by  the  Assistant  Secretary  in  charge. 

THE  SMITHSONIAN  INSTITUTION. 

THE  ESTABLISHMENT. 

liave  to  record  the  following  changes  in  the  Establishment  duriDg 
year:  The  resignation  of  the  Hon.  James  G.  Blaine,  Secretary  of 
te,  on  June  4,  1892,  and  the  appointment  of  his  successor  to  the 
:retaryship,  the  Hon.  John  W.  Foster;  the  resignation  of  the  Hon, 
1  field  Proctor,  Secretary  of  War,  on  December  6,  1891,  and  the  ap- 
utment  of  his  successor,  the  Hon.  Stephen  B.  Elkins;  and  the  resig- 
iou  of  the  Hon.  Charles  B.  Mitchell,  Commissioner  of  Patents,  on 
y  31, 1891,  and  the  appointment  of  the  Hon.  William  E.  Simonds  as 
Successor. 

THE  BOARD   OF  REGENTS. 

^u  accordau(5e  with  a  resolution  of  the  Board  of  Regents  fixing  the 
^^  of  the  stated  annual  meeting  of  the  Board  on  the  fovxiXXi'^^^i^^er 
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day  of  January  in  each  year,  the  Board  met  oii  January  27,  1892,  at  10 
o'clock  A.  M.  The  journal  of  its  proceedings  Avill  be  found  as  usual  in 
its  annual  report  to  Congress,  but  for  convenience  reference  is  also  here 
made  later  to  a  portion  of  its  action. 

A  special  meeting  of  the  Board  of  Regents  was  held  on  October  21 
1891,  at  which  a  gift  of  $200,000  from  Mr.  Thomas  G.  Hodgkins,  of  Se 
tauket,  Long  Island,  was  formally  siccepted;  and  another  was  heldoi 
March  29, 1892,  to  take  action  regarding  certain  Congressional  appro 
priations. 

The  following  changes  in  the  personnel  of  the  Board  of  liegents  ar 
to  be  noted:  The  appointment  of  the  Hon.  W.  C.  P.  Breckinridge,  a 
the  House  of  Representatives,  by  the  Speaker  of  the  House  (pro  term 
pore),  January  15,  1892,  to  succeed  the  Hon.  Benjamin  Butterwortb 
whose  term  expired  December  23, 1891;  the  apx)ointment,  by  joint  resa 
lution  of  Congress,  approved  January  26,  1892,  of  President  WiUiar. 
Preston  Johnston,  of  Tulane  University,  Louisiana,  to  succeed  Di 
Noah  Porter,  who  resigned  December  31,  1889;  and  the  appointment 
by  the  same  resolution,  of  the  Hon.  John  B.  Henderson,  of  the  Distric 
of  Columbia,  to  succeed  Gen.  M.  C.  Meigs,  who  died  January  2, 1892. 

The  following  have  been  re-appointed  to  fill  vacancies  caused  by  th« 
expiration  of  their  own  terms :  The  Hon.  Justin  S.  Morrill,  of  the  Unitei 
States  Senate,  by  the  Vice-President  of  the  United  States,  Decembe 
15, 1891,  the  Hon.  Joseph  Wbeeler,  and  the  Hon.  Henry  Cabot  Lodge 
of  the  House  of  Representatives,  by  the  Speaker  (pro  tempore)  of  th< 
House,  January  15,  1802,  and  Dr.  Henry  Copi)ee,  by  joint  re^olutioi 
of  Congress  approved  January  26,  1892. 

The  Board  has  ^^iuffered  the  loss  by  death  of  Gen.  Montgomery  0 
Meigs  on  January  2,  1892.  Dr.  Noah  Porter,  an  ex-member  of  tbi 
Board,  died  on  March  4, 1892.  Reference  is  made  to  them  elsewhere  ii 
the  necrologic  notices. 

ADMINISTRATION. 

1  beg  to  repeat  the  recommendation  contained  in  my  report  of  las 
year,  that  Congress  be  requested  to  make  some  provision  for  meetinj 
the  actual  expenses  of  the  administration  of  the  affairs  of  the  Genera 
Government  confided  to  the  Institution.  There  is  no  such  provisioi 
now  for  the  considerable  and  increasing  clerical  expenses,  which  belonj 
not  to  any  single  Government  bureau  under  its  care,  but  to  the  charg 
of  their  common  administration,  and  these  exi)enses  all  fall  ultimatel: 
ui>on  the  Institution. 

Another  difficulty  arising  out  of  the  great  extension  of  the  interest 
under  the  care  of  the  Regents,  which  mjikes  the  duties  of  the  Secretar 
and  the  Assistant  Secretary  altogether  different  from  what  they  wer 
in  its  early  history,  has  been  calling  for  relief  for  some  time,  and  ha 
finally  been  met  by  appropriate  action  of  the  Board ;  for,  apart  from  th' 
need  of  a  Congressional  appropriation  which  shall  provide  for  th< 
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increased  expenses  of  the  clerical  force  in  the  Secretary's  office  engaged 
in  transactuig  purely  Government  business,  I  have  directed  the  atten- 
tion of  the  Begents  to  the  fact  that  the  Chancellor  of  the  Institution 
(in  whom  alone  the  power  of  appointing  an  Acting  Secretary  is  vested 
by  law)  may  be  absent  when  the  Acting  Secretary  is  ill  and  when 
there  is  no  one  to  relieve  him.  Such  a  case  has  actually  presented 
itself,  directing  attention  to  the  necessity  of  authorizing  the  Secretary 
to  delegate  authority  for  performing  certain  subordinate  but  indis- 
pensable functions,  such  as  signing  a  certain  class  of  papers. 

Owing  to  the  established  principles  of  conduct  in  the  Smithsonian 
Institution  (which  there  has  been  no  intention  of  departing  from)  the 
Secretary's  power  has  never  been  diffused  or  delegated  even  as  far  as 
is  usual  in  the  case  of  Executive  Departments  of  the  Government, 
where  there  are  several  persons  in  every  separate  bureau  constituting  a 
line  of  succession  of  those  who  are  authorized,  in  case  of  the  absence 
of  its  hejid,  to  carry  on  ordinary  business  and  especially  to  sign  all 
such  routine  papers  as  are  required  for  its  current  business  with  the 
Treasury.  There  has  been  no  time  however  in  the  past  twelve  years, 
when,  in  the  joint  event  of  the  illness  or  absence  of  the  Secretary  and 
the  Acting  Secretary  of  the  Smithsonian  Institution,  any  such  provision 
has  existed  for  carrying  on  even  the  routine  business. 

At  the  meeting  of  the  Regents  on  January  27, 1892,  the  following 
resolution  was  introduced,  and  was  duly  given  eftect  through  the 
Executive  Committee  in  the  appointment  of  an  officer  of  the  Insti- 
tution to  act  according  U)  its  provisions : 

[^Re8olvedj  That  the  Secretary  be  empowered  to  appoint  some 
suitable  person,  who,  in  case  of  need,  may  sign  such  requisitions, 
vouchers,  abstracts  of  vouchers,  accounts  current,  and  indorsements  of 
checks  and  drafts.  :va  are  needed  in  the  current  business  of  the  Institu- 
^on,  or  of  any  of  its  bureaus,  and  are  customarily  signed  in  the  bureaus 
of  other  Departments  of  the  Government." 

FINANCES. 

I  have  recalled  the  fact  that  the  gift  of  $200,000  to  the  Institution  by 
Mr.  Thomas  G.  Hodgkins,  of  Setauket,  Long  Island,  to  which  I  briefly 
referred  in  my  report  of  last  year,  was  formally  accepted  by  the  Board 
of  Kegents  at  a  special  meeting  held  October  21,  1891. 

At  this  meeting  I  stated  that  I  had  entered  on  a  correspondence 
^ith  Mr.  Hodgkins  in  which  he  had  intimated  his  desire  to  give  a 
considerable  sum  to  the  fund  of  the  Smithsonian  Institution  for  the 

increase  and  diffusion  of  knowledge  among  men."  The  correspond- 
ence was  followed  by  personal  visits  both  by  the  Secretary  and  by  the 
Assistant  Secretary,  the  result  of  which  was  that  Mr.  Hodgkins  offered 
»  donation  of  $200,000,  concerning:  which  the  Secret^iry  telegraphed 
the  Regents  on  June  22.  Upon  being  advised  of  the  individual 
approval  of  most  of  the  Regents  to  the  acceptance  of  the  sum  named, 
Mr.  Hodgkins  later,  on  September  22,  at  his  home  ou  Long  \^\sx\A, 
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gave  the  amount  in  cash  to  the  Secretary,  who  dei>ositiMl  it  iu  tbe 
United  States  Treasury  at  Washington,  with  the  imderstandiug  that 
an  early  meeting  of  the  Board  would  be  called  as  a  body  to  consider 
its  acceptance. 

The  essential  conditions  are  that  the  income  of  $100,000  of  this  gift 
shall  be  permanently  devoted  to  the  increase  and  diffusion  of  more 
exact  knowledge  in  regard  to  the  nature  and  properties  of  atmos- 
pheric air  in  connection  with  the  welfare  of  man;  the  income  of  the 
remaining  $100,000  being  for  the  general  purposes  of  the  Institution. 

In  view  of  the  importance  of  the  subject  I  have  referred  to  it  again 
IfVter  in  the  report,  under  a  distinct  heading. 

I  may  call  attention  in  this  place  to  the  fact  that  the  Smithsouiaii 
Institution  is,  by  reason  of  its  far-reac/hiiig  connection  with  the  scien- 
tific world,  enabled  to  make  8i>ecially  effective  use  of  sums  given  fox* 
immediate  employment  iu  si>eciftc  puri>oses  or  investigations.  Afe'^s*' 
such  special  trusts  (distinct  from  those  for  adding  to  the  permanent  en- 
dowment) have  been  cortimitte<l  to  the  Institution  in  the  past,  througli 
the  Secretary,  and  yet  I  feel  assured  that,  were  the  intentions  of  tli« 
Eegents  better  understood  in  this  regard,  the  Institution  would  mucLi 
more  frequently  be  made  the  medium  for  giving  effect  to  the  plans  o^ 
those  interested  in  promoting  specific  researches,  as  well  as  in  making 
X)ermanent  endowments. 

The  permanent  funds  of  the  Institution  areas  follows: 

Bequest  of  Sinithson,  1846 $515,169.CPO 

Residuary  legacy  of  Sinithson,  1867 26, 210.  GH^ 

Deposit  from  savings  of  income,  etc.,  1867 106, 620.5^ 

Bequest  of  James  Hamilton,  1875 1, 000. 9^ 

Bequest  of  Simon  Habel,  1880 500.  OO 

Deposit  from  proceeds  of  sale  of  bonds,  1881 51, 500.  OO 

Hodgkins' gift,  1891 200,000.00 

Total  permanent  Smithsonian  fund  in  the  Treasury  of  the  Uuitcnl 
States,  bearing  interest  at  6  per  cent,  per  annum $903, 000.  CO 

At  the  beginning  of  the  fiscal  year  the  balance  on  hand  was  $40,062.11^ 
Interest  on  the  invested  fund,  amounting  to  $44,481.36,  has  been 
received  from  the  Treasury  of  the  United  States  during  the  year,  and 
from  sales  of  publications  and  miscellaneous  sources,  including  repay- 
ments on  account  of  international  exchanges,  $2,974.23,  making  a  total 
of  $87,517.70. 

The  total  expenditures,  as  shown  in  detail  in  the  report  of  the  Execu- 
tive Committee,  have  been  $39,042.37,  leaving  an  unexpended  balance 
on  June  30, 1892,  of  $47,875.33.  This  includes  a  sum  of  $10,000,  the 
amount  of  a  bequest  of  $5,000  from  the  late  Dr.  J.  H.  Kidder  and  a 
donation  of  a  like  amount  from  Dr.  Alexander  Graham  Be]li)ersonaUy 
to  the  Secretary  for  physical  investigations,  which  was,  with  the  donor's 
consent,  deposited  by  the  Secretary  to  the  credit  of  the  funds  of  the 
Institution,  subject  to  order.    Neither  of  these  sums,  then,  forms  a  por- 
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tion  of  the  invested  fanda,  and  both  have  been  held  in  the  hope  that 
Congress  would  later  provide  a  site  for  a  permanent  building  for  the 
A8tro-Physical  Observatory.  The  balance  available  for  the  general 
purposes  of  the  Institution  on  July  1,  1892,  was  $37,875.33,  but  this  is 

in  large  part  held  against  various  liabilities,  for  scientific  purposes. 
The  Institution  has  been  charged  by  Congress  with  the  disburse- 

ffleat  during  the  year  of  the  following  appropriations : 

^or  International  Exchanges $17,000 

for  ethnological  Researches 50,000 

for  National  Museum : 

I^eservation  of  collections 145,000 

I^omiture  and  fixtaros 25,000 

neating  and  lighting 15,000 

I^ostage 500 

i"looring  for  Museum  building 5,000 

^      £3utie8  on  articles  imported 1,000 

X^urchase  of  Caprou  Collection  of  .Japanese  Works  of  Art 10,000 

I^rinting 16,000 

For  ^^ational  Zoological  Park : 

Improvements 15,000 

:Buildings 18,000 

^iainteuance 17,500 

For   -Astro-Physical  Observatory 10,000 

To  these  should  be  added  the  small  unexi)ended  balance  of  the  special 
api>xt)priation  of  $92,000  made  April  30,  1890,  for  the  National  Zoolog- 
[qsl\  Park. 

riie  vouchers  for  the  disbursement  of  these  appropriations  have  been 
exs^mined  by  the  Executive  Committee,  and  the  various  items  of  expen- 
diture are  set  forth  in  a  letter  addressed  to  the  Speaker  of  the  House 
of  Itepresentatives,  in  a<50ordancewith  a  provision  of  the  Sundry  Civil 
Aeti  of  October  2,  1888;  while  the  expenditures  from  the  Smithsonian 
fund  have  likewise  been  examined  and  approved  by  the  Executive 
Committee,  and  are  shown  in  their  report. 

I  lm^y  call  attention  to  the  fact  that  the  Secretary  has  been  desirous 
to  see  a  change  in  the  phraseology  of  the  Sundry  Civil  Act  making  ap- 
propriation for  ethnological  researches,  which  would  relieve  him  from 
tliie  personal  responsibility  imposed  by  the  language  of  former  bills. 
Such  a  change  has  now  been  made,  whereby  the  appropriation  is  placed 
^'under  the  direction  of  the  Smithsonian  Institution,''  instead  of  in  the 
diarge  of  the  "  Secretary  of  the  Smithsonian  Institution,"  as  heretofore. 
The  vouchers  from  the  Bureau  of  Ethnology  are  therefore  now  scruti- 
nized by  the  Executive  Committee,  as  are  all  other  expenditures  of  the 
Institution. 

The  estimates  for  the  fiscal  year  ending  June  30,  1893,  forwarded  to 
the  Secretary  of  the  Treasury,  under  date  of  October  7, 1891,  were  as 
follows: 

Building,  Smithsonian  Institution $5, 000 

International  Exchanges Yl,^**i 

North  American  Ethnology ^,^^f^ 
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National  Museum; 

Preservation  of  collections $145,  OOO 

Heating  and  lighting 12,  OOO 

Furniture  and  fixtures 25,  (OO 

Printing  and  binding 18, 0CN3 

Postage oOO 

Duties  ou  articles  importe*! 1,  (OO 

Addition  to  electric-light  plant 5,  OOO 

Galleries 8,000 

National  Zoological  Park : 

Improvements 15,  OOO 

Buildings 18,000 

Maintenance 17,  oOO 

Astro-Physical  Observatory 10,  OOO 

BUILDINaS. 

I  have  repeatedly  urged  ui>ou  your  attention  the  necessity  for  more 
ample  accommodations  for  the  rapidly  increasing  collections  of  the 
National  Museum,  a  necessity  that  has  been  emphasized  by  the  diffi- 
culties attending  the  preparation  for  the  Museum  exhibit  at  tlie 
World's  Columbian  Exposition  in  Chicago  and  the  Columbian  Histori- 
cal Exposition  in  Madrid. 

In  the  light  of  past  experience,  it  is  not  unreasonable  to  anticipat«  a 
large  increase  in  the  collections  of  the  Museum  in  the  shape  of  donatious 
from  exhibitors  at  these  expositions,  if  any  assurance  can  be  given 
that  such  material  will  eventually  be  properly  installed.  If  no  such 
assurance  can  be  given  a  great  amount  of  material  will  be  lost  to  the 
Institution,  the  value  of  which  would,  in  my  opinion,  nearly  equal  the 
estimated  cost  of  a  new  building  for  the  Museum. 

The  present  Museum  building  was  finished  and  occupied  in  1881. 
The  collections  increased  so  rapidly  that  as  early  as  1883  the  Regent^ 
at  their  meeting  of  January  17,  recommended  to  Congress  the  erection 
of  a  new  building. 

Since  1883  the  collections  have  again  increased  to  such  an  extent 
that  a  new  building  as  large  as  tlie  present  one  could  now  be  advan- 
tageously filled  with  material  held  in  storage,  and  1  can  only  repeat 
with  increased  emphasis  the  closing  sentence  of  my  letter  of  January 
21,  1890,  to  the  Hon.  Leland  Stanford,  chairman  of  the  Senate  Com- 
mittee on  Public  Buildings  and  Grounds,  "  That  unless  more  space  is 
provided,  the  development  of  the  Government  collection,  which  is  al- 
ready partly  arrested,  will  be  almost  completely  stopped." 

Tbe  Museum  collections  have  overflowed  into  every  part  of  the 
Smithsonian  building,  and  special  provisions  have  been  made  for  them, 
beginning  with  the  galleries  long  since  erected  in  the  main  hall,  not 
contemplated  in  the  original  plans  of  the  building,  and  which  seriously 
interfere  with  lighting  the  exhibition  open  to  the  public.  The  storage 
space  of  the  Institution  building  needed  for  other  purposes,  is  now  also 
almost  exclusively  occupied  by  Museum  specimens,  and  some  relief 
must  be  found. 


REPORT   OF    THE    SECRETARY.  7 

A  bill  providing  for  the  erection  of  a  fire-proof  building  for  the 
National  Museum  was  introduced  in  the  Senate  by  the  Hon.  J.  S.  Mor- 
rill, and  passed  the  Senate  on  April  15,  1892,  but  failed  to  secure 
fovorable  action  in  the  House. 

The  work  of  fire-proofing  the  so-called  "  chapel"  of  the  west  wing 
of  the  Smithsonian  building  has  been  practically  completed,  and  I 
would  esx>ecially  urge  that  the  balance  of  this  appropriation,  unex- 
pended, by  reason  of  a  limiting  clause  introduced  in  the  act,  on  account 
of  wliich  the  money  is  not  available  for  certain  repairs  originally  con- 
templated, should  be  now  made  available  by  Congress  for  increasing 
the  storage  room  in  the  east  wing  of  the  building,  and  at  the  same 
time  that  certain  rooms  be  fitted  for  the  special  needs  of  the  Govern- 
ment Exchange  Bureau,  now  occupying  rooms  in  the  Main  Building, 
urgently  needed  for  other  purposes. 

The  new  buildings  erected  or  in  progress  of  erection  for  the  collec- 
tion of  living  animals,  being  all  in  the  Zoological  Park,  are  mentioned 
in  the  report,  upon  the  park. 

RESEARCH. 

In  pursuance  of  the  long  established  i)olicy  of  the  Institution,  finan- 
cial aid  has,  during  the  past  year,  been  extended  to  original  investi- 
gators in  the  domain  of  science,  and  considering  the  modest  sum  that 
it  has  been  found  possible  to  devote  to  this  purpose,  the  results  are 
gratifying. 

The  subscription  for  twenty  copies  of  the  Astronomical  Journal, 
which  are  distributed  abroad  as  exchanges  of  the  Institution,  has  been 
continued. 

To  the  Lick  Observatory,  through  its  director.  Prof.  Holden,  an  addi- 
tional grant  has  been  made  for  the  continuance  of  experiments  in  lunar 
photography. 

Prof.  E.  W.  Morley  is  still  engaged  in  his  determinations  of  the 
density  of  oxygen  and  hydrogen,  for  which  some  special  apparatus  has 
been  provided  by  the  Institution. 

Mention  has  been  made  in  previous  reports  of  the  aid  extended  to 
Prof.  A.  A.  Michelson,  of  Clark  University,  in  his  experiments  with  the 
refractometer,  and  in  the  determination  of  a  universal  standard  of 
length  founded  on  the  wave  length  of  light.  In  furtherance  of  the 
latter  project,  the  Institution  will,  during  the  coming  summer,  send  one 
of  its  scientific  stafl:*  to  assist  Prof.  Michelson  in  his  investigations 
under  the  auspices  of  the  International  Bureau  of  Weights  and  Meas- 
ures in  the  laboratory  of  the  Bureau  at  Sevres,  France. 

Both  these  latter  investigations  refer  to  fundamental  constants  of 
nature,  and  their  results  promise  to  be  of  wide  and  lasting  importance. 

Allusion  was  made  in  my  last  report  to  aid  extended  to  Dr.  Wolcott 
Oibbs  in  his  investigations  of  the  physiological  action  of  chemical  com- 
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poands.  These  iuvestigatious  are  uow  completed,  and  have  resulte*^ 
in  a  substantial  contribution  to  this  branch  of  science. 

Astro-physical  Observatory. — The  Smithsonian  Astro-physical  Ob 
servatory  still  occupies  the  temi)orary  wooden  shelter  upon  the  ground 
just  south  of  the  Smithsonian  building,  and  the  money  given  to  the  In 
stitution  for  the  erection  of  a  more  permanent  building  is  still  bel 
while  awaiting  the  action  of  Congress  in  providing  a  site.  The  ot 
servatory  has  received  much  of  my  personal  attention  during  the  yeai 

In  statements  to  Congress  and  elsewhere  some  brief  official  expla 
nation  has  been  given  of  the  object  of  this  observatory,  which,  as  i 
has  not  been  explicitly  given  in  previous  reports,  I  repeat  here  in  th 
most  succinct  manner  before  entering  on  any  description  of  the  specia 
work. 

The  general  object  of  astronomy,  the  oldest  of  the  sciences,  was,  uu 
til  a  very  late  period,  to  study  the  places  and  motions  of  the  heavenh 
bodies,  with  little  special  reference  to  the  wants  of  man  in  his  dail] 
life,  other  than  in  the  api)lication  of  the  study  to  the  purjwses  of  navi 
gation. 

Within  the  past  generation,  and  almost  coincidentally  with  the  (lis 
covery  of  the  spectroscope,  a  new  branch  of  astronomy  has  arisen 
which  is  sometimes  called  astro-physics,  and  whose  purpose  is  distinctly 
diflferent  from  that  of  finding  the  places  of  the  stars,  or  the  moon,  or  thi 
sun;  which  is  the  principal  end  in  view  at  such  an  observatory  a«  thai 
for  instance,  at  Greenwich. 

The  distinct  object  of  astro-physics  is,  in  the  case  of  the  sun,  for  e3 
ample,  not  to  mark  its  exact  place  in  the  sky,  but  to  find  out  how  i 
aflfects  the  earth  and  the  wants  of  man  on  it;  how  its  heat  is  distributee 
and  how  it  in  fact  affects  not  only  the  seasons  and  the  farmer's  cropi 
but  the  whole  system  of  living  things  on  the  earth,  for  it  has  latel 
been  proven  that  in  a  physical  sense,  it,  and  almost  italone,  literally  fin 
creates  and  then  modifies  them  in  almost  every  possible  way. 

We  have  however  arrived  at  a  knowledge  that  it  does  so,  withoi 
yet  knowing  in  most  cases  how  it  does  so,  and  we  are  sure  of  the  gre^ 
importance  of  this  last  acquisition,  while  still  largely  in  ignorance  ho 
to  obtain  it.  We  are,  for  example,  sure  that  the  latter  knowled^ 
would  form  among  other  things  a  scientific  basis  for  meteorology  ai 
enable  us  to  predict  the  years  of  good  or  bad  harvests,  so  far  as  the^ 
depend  on  natural  causes,  independent  of  man,  and  yet  we  are  sti 
very  far  from  being  able  to  make  such  a  prediction,  and  we  cann< 
do  so  till  we  have  learned  more  by  such  studies  as  those  in  question. 

Knowledge  of  the  nature  of  the  certain,  but  still  imperfectly  u 
derstood  dependence  of  terrestrial  events  on  solar  caused,  is,  then,  • 
the  greatest  practical  consequence,  and  it  is  with  these  large  aims  < 
ultimate  utility  in  view,  as  well  as  for  the  abstract  interest  of  scie] 
tific  investigation,  that  the  Government  is  asked  to  recognize  sue 
researches  as  of  national  importance;  for  it  is  to  such  a  knowledge  < 
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causes  with  suck  practical  consequences  that  this  class  of  investiga- 
tion aims  and  tends. 

.^stro-pbysics  by  no  means  confines  its  investigation  t-o  the  sun, 
though  that  is  the  most  important  subject  of  its  study  and  one  which 
hsb&  been  undertaken  by  nearly  every  leading  government  of  the  civil- 
ized world  but  the  United  States.  France  has  a  great  astro-physical 
observatory  at  Meudon,  and  Germany  one  on  an  equal  scale  at  Pots- 
d&m,  while  England,  Italy,  and  other  countries  have  also,  at  the  na- 
tional expense,  maintained  for  many  years  institutions  for  the  prosecu- 
tion of  astro- physical. science. 

I  ti  has  been  observed  that  this  recent  science  itself  was  almost  coeval 
wit:,li  the  discovery  of  the  spectroscope,  and  that  instrument  has  every- 
wL&ere  been  largely  employed  in  most  of  its  work.  Of  the  heat  which 
thci  smi  sends,  however,  and  which,  in  its  terrestrial  manifestations,  is 
th^  principal  object  of  our  study,  it  has  long  been  well  known  that  the 
spectroscope  could  recognize  only  about  one-quarter — three-quarters 
of  all  this  solar  heat  being  in  a  form  which  the  ordinary  spectroscope 
can.  not  see  nor  analyze,  lying  as  it  does  in  the  almost  unknown  "  infra- 
reel  "  end  of  the  spectrum,  where  neither  the  eye  nor  the  photograph 
ca  n  examine  it.  It  has  been  known  for  many  years  that  it  was  there,  and 
we  lave  had  a  rough  idea  of  its  amount,  with  an  almost  total  incapacity 
to  €ixhibit  it  in  detail.  Our  imperfect  knowledge  of  this  region  is  at 
pi*esent  represented  by  a  few  inadequate  types  of  parts  of  it  given  in 
di'^rwings  made  by  hand,  where  the  attempts  to  depict  it  at  all  are  even 
*o-<3ay  more  crude  than  the  very  earliest  charts  of  the  visible  spectrum, 
™^<lein  the  infancy  of  spectroscopic  science. 

One  of  the  first  pieces  of  work  which  this  observatory  has  under- 
^ken  is  to  explore  and  describe  what  may  be  properly  called  ^*  this  great 
^^l$nown  region,"  by  a  method  which  the  writer  has  recently  been  able 
^  l)ring  to  such  a  degree  of  success  as  to  give  good  grounds  for 
its  continued  prosecution  and  lor  the  hope  that  a  complete  map  of  this 
'^l^ole  region  will  shortly  be  produced  by  an  automatic  and  therefore 
trvi«tworthy  process,  showing  the  lines  corresponding  to  the  so-called 
^^'^unhofer  lines  in  the  ux>per  spectrum. 

The  firstiyear's  work  of  any  such  observatory  must  ordinarily  con- 
sist; largely  in  perfecting  its  apparatus  and  determining  its  constants, 
^^t  a  portion  of  this  necessary  labor  has-  been  deferred  in  favor  of  this 
Principal  task,  of  which  it  is  hoped  that  another  year  will  see  the  es- 
sential completion.    In  this,  the  present  principal  scientific  work  here, 
all  resources  of  the  observatory  are,  then,  for  the  time  being  engaged. 
I  have  acknowledged  in  a  previous  report  the  valuable  assistance  of 
^^of.  C.  C.  Hutchins,  of  Bowdoin  College,  who  efficiently  aided  in  in- 
stalling the  apparatus.     Prof.  Hutchins  was  obliged  to  leave  in  Aug- 
^t   On  the  16th  of  November  Dr.  William  Hallock  was  appointed 
senior  assistant. 
At  different  times  during  the  year,  there  have  been  eni^\o^^V  «£^ 
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assistants  Mr.  C.  A.  Saunders,  Mr.  C.  T.  Child,  and  Mr.  F.  L.  O.  Wads 
worth.  A  photographer  and  a  laborer  complete  the  present  force  o 
the  Observatory. 

In  the  latter  part  of  the  year,  Dr.  Hallock,  to  my  regret,  advised  me  o 
his  proximate  call  to  another  duty,  and  the  work  was  later  left  tempo 
rarily  in  the  charge  of  Mr.  Wadsworth,  who  had  joined  the  staff  in  June 
but  who  was  sent  to  Europe  in  July,  for  the  purpose,  elsewhere  referred 
to,  of  contributing  to  the  work  of  establishing  a  wave-length  standar« 
under  Professor  Michelson.  The  labor  has  been  carried  on  under  th 
disadvantages  of  these  interruptions,  and  also  under  others  of  anothe 
kind,  due  to  the  fact  that  the  extremely  delicate  apparatus,  which  i 
used  in  a  perpetually  darkened  room,  is,  by  reason  of  the  location  of  th* 
temporary  observatory  shed,  in  proximity  to  traflBc-laden  streets,  when 
there  is  danger  that  the  passing  vehicles  affect  the  accuracy  of  the  ob 
servations  both  by  earth  tremors  and  by  magnetic  disturbances.  Not 
withstanding  these  Latter  drawbacks,  much  better  results  have  beei 
obtained  than  it  was  supposed  could  be  reached  in  such  a  situation 
and  these,  as  I  have  said,  I  trust,  another  year  will  enable  the  Instita 
tion  to  make  public. 

EXPLORATIONS. 

Several  explorations  have  been  carried  on  during  the  year  by  tli^ 
U.  S.  Fish  Commission,  resulting  in  the  transfer  to  the  Museum  of  man: 
large  and  varied  collections  of  zoological,  botanical,  and  geologiea 
material.  Dr.  W.  L.  Abbott  has  continued  his  work  in  Asia  and  ha 
contributed  collections  made  in  Kashmir.  Dr.  Edgar  A.  Mearns,of  tli 
International  Boundary  Commission,  has  sent  several  large  collectiou 
of  natural-history  specimens  obtained  near  the  border  line  between  tli 
United  States  and  Mexico.  Mr.  P.  L.  Jouy  has  made  important  col 
lections  in  Arizona  and  New  Mexico.  Collections  of  the  fishes  of  Nici^ 
ragua  have  been  received  from  Mr.  C.  W.  Eichniond. 

Mr.  W.  W.  Eockhill,  the  distinguished  traveler,  whose  previous  e^ 
plorations  have  been  mentioned  in  my  reports  and  who  has  alrea<^ 
deposited  in  the  Museumvery  valuable  collections  which  he  madeill^ 
trating  the  religious  practices,  occupations,  and  amusements  of  vario 
peoples  in  different  parts  of  China,  Thibet,  and  Turkestan,  has  start' 
upon  a  second  journey  to  hitherto  almost  unknown  parts  of  Thil^^ 
with  such  aid  (much  more  limited  than  I  could  wish)  as  it  was  possil 
for  me  to  afford  him.  From  his  known  qualities  as  an  explorer  it  ni 
be  confidently  expected  that  his  journey  will  result  in  important  cO 
tributions  to  our  knowledge  of  this  country. 

PUBLICATIONS. 

The  number  of  publications  during  the  year  has  been  about  the  san 
as  in  preceding  years. 

As  has  been  frequently  stated,  the  publications  of  the  Institutic 
proper  are  of  three  classes:  First,  the  series  of  "  Smithsonian  Contribi 
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tions  ti)  Knowledge/'  in  quarto  form,  comx)rising  original  memoirs  of 
researches  believed  to  present  new  truths,  and  which,  as  required, 
are  liberally  illustrated  with  figures  or  plates;  secondly,  the  series  of 
"Sinithsoniau  Miscellaneous  Collections,"  In  octavo  size,  containing 
special  reports,  systematic  lists  of  synopses  of  species,  etc.,  whether 
from  the  organic  or  the  inorganic  world,  instructions  to  naturalists  for 
collecting  and  preserving  specimens,  special  bibliographies,  tabulated 
results,  and  other  aids  to  scientific  investigation  not  -generally  requir- 
ing illustrations;  and  lastly,  the  series  of  "Smithsonian  Annual  Ee- 
ports,"  presenting  to  Congress,  through  the  Secretary,  the  condition  of 
the  Institution,  accompanied,  under  the  early  plan  of  Professor  Henry, 
^y  scientific  articles  from  competent  writers,  either  original  or  selected, 
^^t  as  a  rule  in  un technical  terms,  representing  the  advances  made  in  va- 
"oiisdepartments  of  research  and  frequently  admitting  of  illustration  by 
Plates  or  figures.    Th'^se  articles  are  intended  to  be  of  interest  not  alone 
^  tihe  correspondents  and  collaborators  of  the  Institution,  but  to  that 
'^^ge  number  of  the  educated  public  who  follow  such  statements  with 
Prx>fit  when  they  are  presented  in  popularly  intelligible  form. 

Smithsonian  Contributions  to  Knoicledge, — The  only  publication  of  the 
^^^.r  in  this  series  is  a  memoir  detailing  the  results  of  original  experi- 
"^^iits  in  aerodynamics  by  the  Secretary,*  and  occupying  115  quarto 
^^  Res,  illustrated  with  11  figures  ami  10  plates. 

Smithsonian  Miscellaneous  Collections. — The  number  of  titles  in  this 
^i*ies  during  the  year  is  47,  of  which  none  seem  to  call  for  any  partic- 
le *^r  comment. 

Smithsonian  Annual  Report. — I  have  referred  in  my  rex)ort  for  1889 
to  a  modification  of  the  plan  on  which  the  Appendix  was  prepared. 
Fx'om  1880  to  1888  the  xVpijendix  was  chiefly  devoted  to  an  annual  sum- 
wi^try  of  progress  in  various  branches  of  science.    The  growing  inefti- 

* 

ciency  of  this  summary,  due  to  causes  elsewhere  mentioned,  led  me  to 
^turn  in  the  report  for  1889  to  the  earlier  plan  of  Prof.  Henry,  which 
^as  to  present  a  selection  of  papers  by  eminent,  or  at  least  competent, 
expositors,  chosen  from  the  scientific  literature  of  the  year.    This  modi- 
fication, or  rather  this  return  to  the  method  of  the  earlier  reports, 
^3fi  been  continued,  and  seems  to  meet  with  general  appreciation  at  the 
^ands  of  the  corresjwndents  of  the  Institution  and  others  to  whom  the 
Sports  are  sent.    The  report  for  1890  issued  during  the  year  embraces 
^  considerable  range  of  scientific  investigation  and  discussion.     Many 
^f  the  papers  are  the  work  of  distinguished  investigators,  and  all  are 
Presented  in  untechni(;al  language  so  as  to  interest  the  largest  number. 
Lunar  photographs, — I  have  devoted  considerable  thought  to  a  plan 
for  publishing  a  work  on  the  moon,  which  shall  represent  the  present 
^^nowledge  of  the  physical  features  of  our  satellite.    A  study  of  the 

Rfwhed,  That  the  Secretary  of  the  Smitlisouiau  Institution  be  requested  to  con- 
"Que  his  researches  in  physical  science,  and  to  present  such  fact«  and  priiici\\lea  qa 
'^'^y  be  developed  for  publication  in  the  Smithsonian  ContrihutionB.     (^3o\iXTi«Xol 
^ceedings  of  Board  of  Regents,  January  26,  1847. ) 
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surface  of  the  moon  is  of  special  and  growing  interest  to  geologists 
who  have  rarely  access  to  the  largest  class  of  telescopes,  and  what  w 
know  of  it  is  derived  very  largely  from  maps  made  from  eye-studies  b; 
astronomers. 

Within  a  few  years  photography  has  been  used  with  such  increasiTi 
advantage  in  this  interesting  Held,  that  it  is  believed  by  those  corapi 
tent  to  express  an  opinion,  that  photographs  can  shortly  be  produce 
which  will  exhibit  in  a  perinaueut  form  everything  that  a  trained  ey 
can  recognize  at  the  most  powerful  telescope.  If  this  surprising  resu 
be  not  actually  obtained,  I  am  of  opinion  that  it  is  attainable;  and 
have  proposed  to  procure,  through  the  association  of  the  Smithsoiiia 
Institution  with  some  of  the  leading  observatories  of  the  world,  a  seru 
of  photographic  representations  of  hithertx)  unequaled  size  and  defiu 
tion,  which  shall  represent  the  moon's  surface  as  far  as  possible  on 
definite  scale,  Jind  entirely  without  the  intervention  of  the  draftsmai 
Photographs  of  the  moon  made  at  the  Harvard,  Lick,  and  Paris  obser 
atories  have  been  placed  at  the  disposition  of  the  Smithsonian  Institi 
tion  for  publication,  and  it  is  intended  to  issue  a  series  of  them  accoi 
panied  by  explanatory  text.  Whether  this  considerable  work  sha 
appear  as  one  of  the  regular  series  of  "Contributions  to  Knowledge 
or  as  a  special  publication  in  a  more  limited  edition,  has  not  yet  bee 
decided. 

Smithsonian  Tables. — ^The  meteorological  and  physical  tables,  original! 
prepared  by  Dr.  Guyot  and  first  published  in  1851,  have  been  in  sue 
demand  that  they  have  already  passed  through  four  editions.  The  la 
edition  was  exhausted  several  years  ago,  and  in  considering  the  advis; 
bility  of  issuing  a  fifth  edition,  it  was  determined  in  1887  to  revise  tl 
tables  to  conform  to  the  present  state  of  our  knowledge.  The  workhf 
been  divided  into  three  parts,  meteorological,  geographical,  and  phya 
cal)  each  one  being  independent  of  the  others,  but  the  three  capable  ( 
forming  a  homogeneous  volume. 

In  carrying  out  this  plan  I  wjis  able  to  secure  the  assistance  of  Pro 
William  Libbey,  jr.,  of  Princeton,  under  whose  editorship  the  last  ed 
tion  was  issued  in  1884,  and  Prof.  Libbey,  devoting  gi'atuitously  8U( 
time  to  the  work  as  he  could  command  from  his  engrossing  college  duti* 
prepared  the  first  volume  of  the  series,  the  "Meteorological  Tabl^ 
The  plan  of  the  work  was  then  somewhat  modified  and  a  further  • 
vision  was  made  by  Mr.  G.  E.  Curtis,  who  was  at  the  time  employed  up 
other  work  at  the  Smithsonian  Institution,  and  by  the  end  of  Decerab 
1891,  the  manuscript  was  essentially  ready  for  the  printer.  Since  tl 
time  it  has  been  passing  through  the  press,  and  it  is  hoped  that  the  volu: 
will  be  entirely  finished  by  the  close  of  the  present  calendar  year. 

SMITHSONIAN  INTERNATIONAL  EXCHANGE   SERVICE. 

The  international  exchange  servic^e,  through  which  the  Smithsoni 
Institution  is  known  to  most  of  the  large  libraries  and  to  a  vast  nu 
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ber  of  scientific  men  throughout  the  world,  has  received  such  attention 
in  my  recent  reports  that  it  seems  unnecessary  to  dwell  upon  it  at 
length  here. 

The  work  of  the  bureau  continues  to  increase,  and  in  spite  of  many 
labor-saving  devices  in  the  clerical  work  suggested  by  experience,  it  will 
be  impossible  to  meet  all  the  demands  made  for  transportation  of  doc- 
uments unless  some  considerable  increase  is  also  made  in  the  amount 
appropriated  by  the  General  Government  in  the  near  future. 

The  United  States  Government  has  undertaken,  by  a  treaty  formu- 
lated at  Brussels  in  1886,  and  finally  proclaimed  by  the  President  in 
1889,  to  carry  on  a  system  of  international  exchanges.  These  various 
countries  adhering  to  the  treaty  have  formally  agreed  each  to  estab- 
lish a  bureau  charged  with  the  duty  of  attending  to  the  exchange  of 
official  documents,  parliamentary  and  administrative,  which  are  pub- 
lished in  the  country  of  their  origin,  and  the  bureaus  of  exchange  will 
ftirthermore  serve  as  intermediaries  between  the  leariied  bodies  and 
literary  and  scientific  societies  of  the  contracting  States  for  the  recep- 
tion and  transmission  of  their  publications. 

In  transmitting  abroad  each  State  assumes  the  expenses  of  packing 
and  transportation  to  the  place  of  destination,  but  when  the  transmis- 
sions are  made  by  sea,  special  arrangements  regulate  the  share  of  each 
State  in  the  expense  of  transportation. 

The  Smithsonian  Institution,  having  since  1850  conducted  an  ex- 
change service  with  means  of  communi(;ation  over  the  entire  world,  has 
^een  charged  by  the  United  States  Government  with  the  conduct  of 
its  own  exchange  business,  and  appropriations  for  the  purpose  have 
*<5cordingly  been  made  of  late  years  to  the  Institution,  covering  at 
present  the  greater  part  of  the  expense.  The  deficiency  arising  each 
year  has  been  met  from  the  Smithsonian  fund,  and  the  Institution  has 
W)ntinued  its  paid  agents  in  England  and  in  Germany,  as  these  two 
countries  have  not  signified  their  adherence  to  the  treaty  in  question, 
but  maintain  exchange  relations  with  the  United  States  independently 
of  other  countries  concerned  in  the  treaty.  By  referring  to  the  cura- 
^r's  statistical  report  contained  in  the  Appendix,  it  will  be  seen  that 
over  100  tons  of  books  passed  through  the  exchange  office  during  the 
^al  year,  representing  97,027  packages — an  increase  of  6,361  packages 
over  the  number  handled  during  the  preceding  year — while  upon  the 
exchange  books,  accounts  of  publications  received  and  transmitted  are 
^®pt  with  20,682  societies  or  institutions  and  individuals.  The  expen- 
ditures upon  this  account  have  amounted  to  $20,310.49,  of  which  $17,000 
^®re  appropriated  by  Congress,  $2,108.44  were  repaid  by  Government 
"^reaus,  and  $30.75  by  State  institutions  and  others,  leaving  a 
^^flciency  of  $1,171.30  to  be  met  by  the  Smithsonian  Institution. 

The  expenses,  it  will  be  noted,  take  no  account  of  the  rent  value  of 
^"C  rooms  in  the  Institution  occuined  in  this  manner  by  the  General 
^vernment  for  exchange  purx)oses,  or  that  portion  of  t\i^  s«t\\^^  oi 
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the  re^^ar  officers  of  the  Institution  occnpied  with  exchange  husiness^ 
and  the  sum  appropriated  by  Congress  would  be  entirely  inadequate 
were  it  not  that  the  chief  ocean  steamship  companies  have,  since  tiie 
early  days  of  the  Institution,  granted  the  privilege  of  free  freight  ioT 
its  exchange  boxes.  I  have  repeatedly  called  attention  to  the  impro- 
priety of  further  trespassing  upon  the  generosity  of  these  companies^, 
the  privilege  having  been  originally  intended  as  a  direct  encouragements 
of  the  philanthropic  aims  of  the  Institution,  whereas  now  a  very  larg^ 
proportion  of  the  freight  thus  carried  is  Government  property  and  th^ 
service  is  conducted  under  an  international  treaty. 

I  may  further  call  attention  in  this  place  to  the  fact  that  an  additiona.1 
treaty  made  at  Brussels  in  1886  and  proclaimed  by  the  President  of  th^ 
United  States  on  January  15, 1889,  wherein  provision  is  made  for  th^ 
immediate  exchange  of  official  journals,  parliamentary  annals  and  docu- 
ments, has  never  been  executed.  A  bill  making  an  appropriation  o^ 
$2,000  for  this  purpose  passed  the  Senate  in  1891,  but  no  final  action- 
thereon  has  been  taken. 

The  amount  estimated  for  the  conduct  of  the  exchange  service  for* 
the  year  1892-'93  was  $23,000,  a  sum  which  was  expecte<l  to  cover  th^ 
present  expense  of  the  Exchange  Bureau  in  a  single  item,  including  th^ 
$2,000  just  mentioned.  At  the  close  of  the  fiscal  year  the  Sundry  Civit 
Appropriation  bill,  of  which  this  was  an  item,  had  not  become  a  law- 

I  desire  to  mention  again  here  the  increasing  difficulty  of  making 
I)rovision  for  the  storage  of  Government  publications  not  needed  for 
immediate  transmission  abroad.    A  portion  of  the  building  is  now  de- 
voted to  this  purpose  which  is  needed  more  and  more  each  year  for  th^ 
more  legitimate  purposes  of  the  Institution. 

The  exchange  offices  are  also  needed  for  the  growing  reference  library' 
of  scientific  books  belonging  to  the  Institution,  and  with  a  view  to  re- 
lieving the  overcrowded  condition  of  the  library  by  removing  theso 
offices  to  the  basement,  1  have  urged  upon  Congress  the  desirability  of 
making  available  for  the  puri>ose,  the  balance  of  an  appropriation  orig- 
inally intended  for  repairs  and  alterations  to  the  western  part  of  tbo 
building,  which,  by  reason  of  a  restricting  clause  in  the  apx>ropriatiott 
act,  can  not  be  used  for  the  work  first  proposed.  By  the  expenditure 
of  about  $10,000  the  basement  of  the  east  wing,  now  damp  and  som©" 
times  flooded  with  water,  can  be  made  thoroughly  healthy  and  wfiH 
adapted  to  the  needs  of  the  exchange  work. 

In  my  report  for  1890  I  stated  that  there  had  been  expended  from  tl^^ 
Smithsonian  fimd  for  the  support  of  the  international  exchange  sy^' 
tem,  in  the  interests  and  by  the  authority  of  the  National  Grovernmen^ 
$38,141.01  in  excess  of  appropriations,  advanced  from  January  1,  18(>^y 
to  June  30, 188G,  for  the  exchange  of  official  Government  document^t 
and  $7,034.81  in  excess  of  appropriations  from  July  1, 1S8G,  to  June  SOf 
1880,  advanced  for  the  purpose  of  carrying  out  a  convention  entered 
into  by  the  United  States,  or  au  aggregate  of  845,175.82. 
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A.  memorandum  in  regard  to  this  matter  was  duly  transmitted  to  the 
Hou.  Benjamin  Butterworth,  a  member  of  the  Board  of  Eegents,  in  the 
House  of  Eepre8ent;itives,  for  the  purpose  of  taking  the  necessary  steps 
to  procure  a  return  by  Congress  to  the  Smithsonian  fund  of  this  last 
ineotioned  sum,  namely,  $45,175.82,  but  I  am  not  aware  that  action  has 
beoii  taken  on  it. 

LIBRARY. 


'he  accessions  to  the  library  have  been  recorded  as  in  the  previous 
ye^^m-,  the  entry  numbers  in  the  a^^cession  book  extending  from  225,586 
to  246,109. 

The  following  statement  shows  the  number  of  volumes,  parts  of  vol- 
una^s,  pamphlets,  and  charts  received  from  July  1, 1891,  to  June  30, 
1802. 


Octavo  or 
smaller. 


Quarto  or        ^  ^  , 
larger.     . 


VolvLxxnea J,  320 

Pat-tjs  of  volumes 7, 031 

Parui>hletR 3, 087 

Cb 


Total 


609  1,989 

16,098  23,729 

502  '  3  589 

621 


29.928 


Of  these  accessions,  297  volumes,  6,363  parts  of  volumes,  and  774  pam- 
pU^ts — 7,434  in  all — were  retained  for  use  in  the  Institution  and  Mu- 
seixin;  and  857  medical  dissertations  were  deposited  in  the  library  of 
tb^    Surgeon-General,  U.  S.  Army;  the  remaining  publications  were 
8^^t  to  the  Library  of  Congress  on  the  Monday  following  their  receipt. 
The  reading  room  continues  to  be  well  used ;  it  has  only  been  possi- 
bly to  provide  room  upon  the  shelves  for  new  i)eriodicals  by  removing 
to  the  special  libraries  under  the  charge  of  curators  or  to  the  Library 
of  Congress  such  technical  i)eriodicals  as  experience  has  shown  are 
seldom  called  for  by  general  readers. 

The  plan  detailed  in  my  report  for  1887-'88  for  increasing  the  acces- 
sions to  the  library  and  for  completing  the  series  of  scientific  journals 
already  in  iK)S8ession  of  the  Institution  has  been  continued;  the  sup- 
plementary work  involved  by  the  issue  of  new  scientific  journals  within 
tbe  last  few  years  has  added  somewhat  to  the  work  originally  planned. 
The  small  collection  of  books  forming  what  is  called  ''  the  Secretary's 
library"  has  been  added  to  this  year,  but  is  already  encroaching  upon 
^6  limited  spsice  available  for  library  purposes.    These  books,  as  I  have 
stated  in  my  previous  reports,  are  mostly,  if  not  exclusively,  books  of 
scientific  reference,  and  are,  under  certain  restrictions,  available  to  all 
connected  with  the  Institution. 

1  regret  to  state  that  Mr.  John  Murdoch,  who  has  been  the  efficient 
librarian  of  the  Institution  since  1887,  resigned  his  iK)sition  on  May 
^0, 1892.    At  the  close  of  the  year  his  successor  hiid  not  been  appointed* 
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MISCELLANEOUS. 

Tomb  of  Smithson. — During  the  summer  of  1891,  upou  the  oc 
of  a  visit  to  Europe,  I  made  a  special  journey  to  Genoa  for  the  pi 
of  seeing  if  the  place  of  sepulture  of  the  founder  of  the  Instituti( 
properly  eared  for.  The  tomb  of  Smithson  is  on  the  hill  of  S 
niguo,  high  above  the  Gulf  of  Genoa,  in  a  small  obscure  cen 
whose  existence  is  unknown  to  most  of  the  people  of  the  city.  It 
property  of  the  English  Government  and  in  the  immediate  chs 
the  British  consul.  Smithson's  tomb  is  a  substantial  structure, 
appears  to  have  had  no  attention  during  the  sixty  years  of  its  exij 
though  other  tombs  in  the  small  inclosure  give  evidence  of  con 
care.  A  small  sum  of  money,  the  interest  of  which  is  sufficient 
fray  the  expense  of  the  care  of  the  inclosure  and  tomb,  was  pla 
the  credit  of  the  United  States  consul  at  Genoa,  who  kindly  con 
to  take  charge  of  the  matter. 

Statue  of  Prof,  Baird, — A  bill  to  provide  for  the  erection  of  a 
statue  of  Prof.  Baird  in  the  grounds  of  the  Institution  was  intn 
in  the  Senate  by  Mr.  Morrill,  but  failed  to  pass.    This  was  a  n 
of  previous  efforts  in  this  direction  and  the  result  is  particularly 
pointing  to  the  friends  of  the  Institution. 

Statue  of  Robert  Dale  Owen. — ^A  bill  to  appropriate  $20,000  for  a 
to  the  Hon.  Robert  Dale  Owen,  of  Indiana,  first  chairman  of  the 
of  Regents  of  the  Institution  and  one  of  its  staunchest  friends,  \ 
troduced  in  the  Senate  by  Mr.  Voorhees  and  passed,  but  failed  to 
favorable  action  in  the  House. 

PerMns  collection  of  copper  implements, — ^An  amendment  to  th 
dry  Civil  Bill  providing  for  the  jmrchase  by  the  Institution  of  a  1 
collection  of  prehistoric  copper  implements  belonging  to  Mr.  1 
ick  S.  Perkins,  was  proposed,  but  failed  to  secure  favorable  action 
House. 

Stereotype  plates, — The  Institution  is  possessed  of  a  large  col 
of  stereotype  plates  and  engravers'  blocks.  An  effort  has  been 
to  arrange  these  in  a  systematic  manner  to  facilitate  referen 
owing  to  the  pressure  of  routine  work,  much  yet  remains  to  be  c 
this  direction.  It  is  the  policy  of  the  Institution  to  permit  the 
these  plates  by  publishers  under  reasonable  conditions. 

Government  collections  at  Washington. — ^There  was  passed  duri 
first  session  of  the  Fifty-second  Congress  a  joint  resolution  (H.  I 
defining  the  policy  of  the  Government  with  reference  to  the  sc 
and  literary  conceptions,  designed  to  facilitate  the  use  of  such  colL 
by  students,  and  to  encourage  the  establishment  of  institutions  oi 
ing  at  the  national  capital. 

Assignment  of  rooms. — Pendulum  observations  by  officers  of  th 
Coast  and  Geodetic  Survey  have  been  continued  in  a  bii^semen 
specially  fitted  for  such  work. 

The  use  of  the  "chapel"  of  the  Smithsonian  building  was  g 
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to  the  American  Oriental  Society  as  a  place  of  assembly  in  April,  1892, 
aod  later  to  the  Art  Congress  for  a  loan  exhibition  of  works  of  Amer- 
ican artists,  held  during  the  session  of  the  Congress  in  May,  1892. 

The  Hodgkhis  gift — In  May,  1891,  a  letter  received  from  Mr.  Thomas 
George  Hodgkins,  of  Setauket,  N.  Y.,  led  to  a  correspondence  in  which 
he  was  advised  by  the  Secretary  of  the  objects  of  the  Institution.  At 
Mr.  Hodgkins's  request,  the  Secretary,  and  subsequently,  the  Assistant 
Secretary,  made  several  visits  to  him  at  his  home,  and  in  conversation 
F  with  him  learned  more  in  detail  his  wishes  with  reference  to  a  proposed 
gift- 
Mr.  Hodgkins  wished  to  i)resent  to  the  Smithsonian  Institution  the 
sum  of  $200,000,  the  interest  of  $100,000  of  which  was  to  be  used  for 
the  general  purposes  of  the  Institution  in  the  "increase  and  diffusion 
of  knowledge  among  men,"  provided  that  the  interest  of  the  other  $100,- 
000  should  be  used  in  the  investigation  of  the  properties  of  atmospheric 
air  considered  in  its  very  widest  relationship  to  all  branches  of  science. 
Before  taking  any  steps  with  regard  to  this  offer,  a  telegram  was  sent 
on  Jnne  22, 1891,  to  each  Regent  who  could  be  reached  in  this  country, 
requesting  his  individual  opinion  of  the  propriety  of  accepting  Mr. 
Hodgkins'  proposition.  Favorable  opinions  having  been  received  in 
answer  to  this  from  nearly  all  the  Regents,  Mr.  Hodgkins  later,  on 
September  22,  at  his  home  on  Long  Island,  placed  his  gift  of  $200,000 
in  ciish  in  the  hands  of  the  Secretary,  with  the  understanding  that  an 
^riy  meeting  of  the  Regents  would  be  called  to  consider  its  fo^nal 
acceptance  under  the  terms  which  Mr.  Hodgkins  proposed. 

A  meeting  of  the  Regents  was  therefore  called  at  the  earliest  day 
practicable  (October  21,  1891),  and  the  matter  having  been  laid  before 
them  in  detail,  the  gift  was  accepted  in  the  terms  of  the  donor. 

It  seems  appropriate  at  this  time  to  make  a  statement  in  elucidation 

of  Mr.  Hodgkins's  wishes   as  they  have  been  expressed  in  various 

conferences  with  the  Secretary  and  the  Assistant  Secretary.     It  is  not 

his  intention  that  his  fund  should  be  applietl  to  special  investigation  in 

sanitary  science,  but    he   desires  rather  tliat  the  standard  of  work 

should  be  primarily  in  relation  to  the  demands  of  pure  science,  believing 

'hat  application  in  many  directions  would  follow.    He  has  spoken  of 

f'hc  experiments  of  Franklin  upon  atmospheric  electricity  as  one  of  the 

^^vestigations  which,  if  carried  on  at  the  present  day,  would    be 

S^rmane  to  his  foundation;  and  has,  in    further  illustration  of  his 

'leaning,  also  referred  to  the  prize  awarded  by  the  French  Academy  of 

Sciences  to  Paul  Bert  for  his  discovery  in  regard  to  the  influences  of 

^Xygen  on  the  phenomena  of  vitality,  as  appropriate  to  his  own  pro- 

l*osed  foundation.    His  great  interest  in  the  diffusion  of  knowledge 

p^>ncerning  air  grows  out  of  his  belief  that  the  air  is  of  the  highest 

'^■^portance  to  man  in  every  aspect  of  his  physical  and  mental  condition, 

^*»dhe  hopes  that  his  gift  will  stimulate  scientific  investigation  of  the 

*^^lie8t  order  by  the  best  minds,  believing  that  by  this  mea»\\%  W^a 
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attention  of  mankind  may  best  be  concentrated  and  kept  concentrate 
on  the  imjtortance  of  the  snbject.  He  has  expressed  a  hope  that  i 
might  be  thought  advisable  to  offer  some  very  considerable  jiriz* 
which,  being  published  to  the  entire  world,  would  by  its  magnitude  ca 
attention  to  the  subject  in  which  he  was  so  much  interested. 

Much  consideration  nas  been  given  to  the  question  as  to  how  tli 
donor's  wishes  may  best  be  carried  into  effect,  for  no  small  difficult 
arises  from  the  universality  of  the  application  of  his  foundation,  sine 
manifestly  there  is  no  branch  of  natural  science  which  is  not  affecte 
by  it.  Meteorology,  hygiene  and  related  subjects  are  most  obviousl 
concerned,  while  others,  though  less  obviously,  are  no  less  immediatel 
connected,  such  as  geology,  for  instance,  which  has  for  its  field  tb 
crust  of  the  earth,  now  recognized  as  being  largely  formed  of  atmoi 
pheric  deposits  and  molded  by  atmospheric  influences.  This  is  onl. 
an  instance  of  what  we  find  in  the  case  of  nearly  every  one  of  tb 
whole  circle  of  sciences,  biological  and  physical,  all  of  which  appei 
on  examination  to  be  affected  by  our  knowledge  of  the  atmosphere  i 
a  very  real  and  important  sense. 

In  order  to  secure  the  advice  and  co-operation  of  scientific  m€ 
throughout  the  world,  letters  were  addressed  to  a  number  of  eminei 
specialists,  stating  the  circumstances  of  Mr.  Hodgkins's  gift  to  tl 
Institution,  and  explaining  his  wishes.  The  following  letter  is  s 
example : 

Sir:  I  have  the  honor  to  inform  you  that  a  bequest  has  been  mac 
to  the  Smithsonian  Institution  by  Mr.  Thomas  G.  Hodgkins,  the  inconc 
of  a  portion  of  which  is  to  be  devoted  to  the  increase  and  diflftision  ji 
more  exact  knowledge  of  the  nature  and  properties  of  atmospheric  si 

In  carrying  out  the  donor's  wishes,  it  is  proposed  to  offer  a  numb4 
of  prizes  for  scientific  investigations  of  a  high  order  of  merit  beariii 
upon  the  properties  of  the  atmosphere,  to  be  awarded  without  regai 
to  the  nationality  of  the  author. 

While  hygiene  will  occupy  a  prominent  place,  it  is  not  intended  1 
linut  these  prizes  to  any  single  class  of  investigations,  however  in 
portant,  but  to  extend  them  over  the  whole  field  of  the  natural  sciencei 
as  far  as  these  may  be  regarded  as  related  to  each  other  through  tb 
atmosphere  as  a  common  bond. 

In  illustration  of  my  meaning,  I  may  instance  as  proper  subjects  ft 
investigation — 

1.  Anthropology,  considering  man  himself  as  modified  by  climafc* 

and  his  arts  as  affected  by  the  atmosphere; 

2.  Biology,  in  connection  with  the  atmosphere  as  a  fountain  of  life  ; 

3.  Chemistry,  in  its  many  obvious  relationships  to  the  subject; 

4.  Electricity,  considered  in  connection  with  atmospheric  electricity 

5.  Geology,  considered  in  connection  with  the  action  of  the  atmo 

phere  in  its  formation  and  deformation  of  the  surface  of  tl 
planet; 
and  so  on  through  almost  the  whole  circle  of  the  sciences. 

I  nowVrite  U^  ask  if  you  will  kindly  suggest  the  imture  of  the  pri3 
cipal  relationships  existing  between  physics  and  the  atmosphere,  &»i 
indicate  one  or  two  subjects  arising  out  ot  these  relations  which  r^ 
consider  to  be  proper  lor  prize  essays. 
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I  shall  also  be  glad  to  know  if  you  will  consent  to  be  a  member  of  a 
committee  to  award  such  a  prize,  if  given,  and  to  learn  from  you  in 
the  same  coiinectiou  of  any  important  research,  germane  to  your  own 
studies,  that  would  be  materially  advanced  by  a  grant  from  the  funds 
mw  available  under  this  liberal  construction. 

In  further  illustration  of  my  me^ining,  I  take  the  liberty  of  inclosing 
a  copy  of  a  reply  made  to  me  in  answer  to  a  similar  inquiry  concerning 
the  science  of  anthropology,  which  I  do  merely  to  show  more  clearly 
the  character  of  the  information  I  desire. 

The  following  was  the  inclosure.  It  is  an  answer  by  a  distinguished 
authropologist  to  a  similar  (juestion,  and  was  inclosed  as  an  illustration 
of  the  fact  that  the  terms  of  the  Hodgkins  donation  apply  even  to  sci- 
entific matters  which  may  a])pear  at  first  sight  disconnected  with  the 
subject  {%.  e.  to  anthropology),  but  which  upon  consideration  are  seen 
to  be  intimately  related  to  it: 

Dear  Sib  :  In  reply  to  your  inquiry  concerning  the  relations  existing 
between  anthropology  and  the  study  of  the  atmosphere  I  beg  leave  to 
say  that  the  natural  history  of  man  takes  into  consideration : — 

(1)  Man,  as  modified  by  climate. 

(2)  His  arts  as  occasioned  and  affected  by  the  atmosphere. 

As  to  the  first,  the  atmosphere,  through  climate,  elevation,  etc.,  upon 
man  considered  as  an  animal,  is  believed  to  have  aftected  his  bodily 
form  and  stature,  the  color  of  his  eyes,  hair,  and  skin;  his  longevity, 
fecundity,  and  vigor,  and  therefore  to  have  been  the  most  potent  factor 
of  all  in  producing  those  varieties  of  our  species  called  races,  and  to  be 
at  the  foundation  of  these  problems  whose  discussion  constitutes  the 
science  of  ethnology. 

As  to  the  second,  most  of  the  arts  an<l  activities  of  man  depend  upon 
the  atmosphere  for  their  suggestion  and  methods.  For  example,  his 
habitations,  clothing,  and  the  common  occupations  of  his  daily  life  are 
most  obviously  controlled  by  his  atmospheric  surroundings,  which  make 
him  in  the  Arctic  regions  a  hunter  of  furs,  dwelling  underground;  in 
the  temperate  zone  a  farmer,  dwelling  in  houses;  in  the  tropics  a 
hunter  of  ivory,  dwelling  in  open  shelters  from  the  sun. 

Permit  me  to  observe  further,  that  the  study  of  the  air  can  not  be 
omitted  in  connection  with  the  science  of  sociology.  Even  philology 
draws  its  material  and  perha])s  derives  it  forms  largely  from  the  atmos- 
phere, and  the  primitive  philosophies  and  mythologies  of  the  world  are 
tiHed  with  imagery  and  theories  derived  therefrom.  Therefore  in  select- 
tag,  at  your  request,  from  the  relationships  of  the  atmosphere  to  the 
science  of  anthropology  in  general,  two  or  more  subjects  for  i)rize 
®^y8, 1  have  only  too  much  scope. 

After  much  consideration  I  would  propose  to  suggest  that  a  prize  of 
Jiotless  than  $1,000  should  be  oftered  for  an  essay  upon  one  of  the  fol- 
lowing topics : 

!•  The  relation  of  atmospliL^ric  phenomena  to  the  cosmogenies, 
creeds,  and  cults  of  all  peoples. 

-•  Atmospheric  changes  as  determining  the  forms  of  primitive  so- 
ciety, family  and  tribal  organizations,  etc. 

^*  As  between  the  monogenistic  and  the  polygenistic  theory  of  the 
origin  of  man,  what  light  is  thrown  upon  tbe  question  by  a  study 
of  atmospheric  influences  upon  man's  physical  constitution. 

*•  Atmospheric  influences  and  phenomena  as  aftecting  coustrvic,ti\vi> 
and  decorative  architecture. 
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These  essays  should  be  presented  within  a  specified  time  and 
mitted  to  the  judgment  of  a  committee,  of  which  I  should  be  \v 
to  be  a  member.    Notice  of  this  prize  could  advantageously  he 
public  through  the  following  special  journals:  L'Anthropologie,  I 
Archiv  fiir  Anthropologic,  Braunschweig. 

In  regard  to  your  inquiry  as  to  any  iniiM)rtant  research  gernia 
the  subject  in  which  1  am  personally  interested,  which  would  I 
vanced  by  a  grant  of  moi\ey,  I  beg  leave  to  say  that  I  am  at  pi 
hindered  from  pursuing  my  investigations  into  the  influence  of  el 
and  other  atmospheric  phenomena  in  bringing  about  the  distril 
of  tribes  and  stocks  of  North  American  aborigines  at  the  time  c 
discovery,  by  the  need  of  a  small  sum  of  money  which  might  be  p 
at  my  disposal.  If  I  had  $500  unfettered  by  conditions,  I  could  ^ 
a  year's  time  undertake  to  bring  together  the  elements  for  the  sol 
of  this  problem,  which  has  puzzled  for  so  many  years  studeu 
ethnology  and  philology. 

i  am,  very  respectfully  yours, 

S.  P.  Langley,  Esq., 

Secretary  SmWisonmn  lufttitution^ 

WdshinfftoHy  I).  C. 

As  soon  its  the  attention  of  the  public  had  been  directed  t 
Hodgkins's  gift,  numerous  npplications  for  assistance  from  the 
were  m^wle,  and  1  deemed  it  advantageous  to  appoint  a  special  ad^ 
committee,  to  which  might  be  referred  matt^ers  pertaining  1 
Hodgkins  fund.  This  committee  was  (composed  of  Surgeon  J< 
Billings,  U.  S.  Army,  Director  of  the  Army  Medicul  Museum,  in  1 
of  hygiene  and  the  related  sciences;  Prof.  F.  W.  Clarke,  cheii 
the  U.  S.  Geological  Survey;  Mr.  William  H.  Dall  of  the  U.  S.  G 
ical  Survey,  well  known  for  his  biological  and  anthroi>ological  st 
Prof.  William  C.  Winlock,  in  behalf  of  astronomy  and  i)hysics,  ai 
Assistant  Secretary  of  the  Institution,  Dr.  G.  Brown  Goode,  who 
as  chairman.  The  committee  has  held  several  meetings,  and  I 
at  this  time  to  express  my  high  appreciation  of  the  value  of  the 
which  they  have  already  done,  both  as  a  committee  and  individ 
At  the  close  of  the  year,  the  committee  had  under  consideration, 
recjuest,  a  form  of  circular  to  be  issued  to  learned  institutions  a 
vestigators  throughout  the  world,  calling  attention  to  the  estfi 
ment  of  the  Hodgkins  fund,  and  announcing  certain  prizes  whic 
intended  to  offer  for  essays  upon  specified  subjects. 


THE  NATIONAL  MUSEUM. 

I  took  occasion  in  my  last  report  to  invite  your  attention  to  tl 
that  the  very  rapid  growth  of  the  collections  of  the  Museum  w 
coming,  under  existing  circumstances,  a  source  of  great  emba 
ment.  The  difficulties  of  the  situation  have  increased  during  th 
year,  since,  while  the  influx  of  specimens  has  continued,  no  addi 
space  has  been  provided  for  their  reception  and  only  an  insigui 
additional  sum  of  money  for  their  maintAnau^^. 
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This  unsolicited  increase  of  the  collections  should  propeily  be  a 
source  of  gi-atificatiou  rather  than  of  embarrassment.  Growth  is  essen- 
tial to  the  welfare  of  a  museum,  and  to  check  it  is  sure  to  produce  un- 
fortunate results.  It  seems  undesirable  to  say  to  the  friends  of  the 
Musenm  that  their  valuable  donations  can  not  be  received.  Such  a 
course  would  alienate  their  sympathy,  and  the  Museum  would  lose  the 
advantage  of  their  good  offices.  Under  existing  conditions,  however, 
the  necessity  of  resorting  to  so  undesirable  a  measure  is  perilously 
near.  The  increase  of  the  collections  from  certain  other  sources  can 
not  even  thus  be  checked. 

Large  collections  are  made  every  year  by  the  Department  of  Agin- 
culture,  the  Geological  Survey,  the  Fish  Commission,  and  other  De- 
partments and  Bureaus  of  the  Government,  either  as  an  essential  part 
of  their  work  or  incidentally.  By  provision  of  law  the  Museum  is  made 
the  custodian  of  these  collections,  and  it  can  not,  tlierefore,  do  other- 
wise than  to  receive  and  preserve  them. 

Many  valuable  objects  are  exposed  to  dust  and  vandalism  from  the 
lack  of  sufficient  money  to  procure  the  necessary  cases  for  their  protec- 
tion. Seiies  of  objects,  such  as  the  great  Lacoe  collection  of  fossil 
plants,  recently  acquired,  are  frequently  offered  with  the  condition  that 
suitable  cases  be  provided.  For  the  safekeeping  of  the  objects  already 
in  the  possession  of  the  Museum  and  for  the  reception  of  those  offered, 
numerous  storage  and  exhibition  cases  are  a  necessity. 

The  number  of  specimens  of  all  kinds  in  the  Museum  at  the  close  of 
the  year,  as  shown  by  the  following  table,  nearly  equalled  three  and  a 
quarter  millions.  The  increase  for  the  year  was  about  260,000  speci- 
Diens,  or  nearly  dcmble  that  of  1891. 

Table  ahoiving  the  annual  increase  in  the  deparimenU  of  the  National  Musfum. 


Name  of  department. 


^  and  indofttriea : 

Materia  medica 

food» , 

TextUes 

Flaheries 

Animal  prodncta 

Graphic  arts 

Tningportation  and  engineering 

^»val  architecture 

Historical  rclicH 

Coins,  medals,  pajier  money,  etc 

^luical  Instnimenta 

Modern  pottexy,  porcflain,  and  bronzes. 

faints  and  dyes 

"The CatUn  Gallery" 

Physical  apparatns 

Oil*  and  glims 

Cliemical  products 

Domestic  animals 


1883. 


4,000 
1,244 


1884. 


(')  1885-'80.  I   1886-'87. 


4,442 
1,580 
2,000 
5,000 
1,000 


600 


4,850 
822 
3,063 
9,870 
2,792 


5.516 

877 

3,144 

10,078 

2,822 


1,002 
1,005 

1 

13, 634 

400 

417 

2,278 

2,238 

77 

100 

500 

500 

250 

251 

197 

193 

659 

601 

'Ko  oensna  of  the  collection  taken. 


22 


REPORT   OP   THE   SECRETARY. 


Table  shotving  the  annualinvreitfte  in  the  departments  of  the  National  MuMeum — Coutim 


Kame  of  department. 


1882. 


1883. 


Ethnoloo^y 

American  aboriginal  potterj' 

Oriental  antiquities ' 

Prehlfttoric  anthropology :y»,  512  '      40, 491 

MammalA  (AkiuA  and  alcoholics) 4, 660  4, 02() 

Birds 44.354,      47,246 

Birds'  eggs  and  nests 

Reptiles  and  liatrachians 

Fishes 50, 000 

Vertebrate  fossils ' 

Mollasks 33,375 

Insects w. .         1, 000 


1884. 

200.000 
12.000 


(')  1885-*88.  I  \m- 


500,000 
25,000 


65,000 


45, 252 
5,01U 
50, 350 
40, 072 
23,495 
68,000 


65, 314 
7,451 
55,d45 
44.163 
25,344 
75.000 


11,781  !      14.82.=> 


3, 53.5 
70 


I 


n.ftio 

103 
20,000 


Marino  invertebrates 

Comparative  anatomy : 

Osteology 

Anatomy 

Paleozoic  fossils 

Mesosoic  fossils 

Cenosoio  fossils 

Fossil  plants 

Recent  plants  (*) 

Minerals 14, 550 

Lithology  and  physical  geology j        9, 075  j      12. 500 

Metallurgy  and  economic  geology ' 30, 000 

Living  animals ' 

Total 


(Included 
4,624 


400.000 
151,000 
200.000 

4,214 

3,000 

73,000 

100, 000 

with  mollusks.) 

7,291 


16,610 

18,000 
40,000 


460,000 
500,000 
350.000 

10, 210 

80,482 
69,742 

7.429 
30,000 
18, 401 
20,647 
48.000 


.1(1 


1( 


4 
5 
4 


.1 


103, 362   203,143   1.472.600 


2, 420, 944 


2,fl 


Name  of  department. 


1887-88.    !    18«8-'80.    (')188»-'90.'   1890-'91.   '    189! 


Arts  and  indastrios : 
Materia  medica . . 

Foods 

Textile* 

Fisheries 

Animal  products 
GrapBicarta 


5,762             5,942'  («)5.915 

'              877                911  i  1,111 

3,144            3,222  j  3,288 

10,078     10,078  1  10,080 

2,822!          2,948  j  2,949 

I ' («)  600 

Transportation  and  engineering ' '  (»)  1, 250 


600 


14,640 

427 
3.011 


14,990 

427 
3,011 


(•)600 
20,890 


6,083 
1,111  I 
3,288 
10,080 

art) VVV 

974 

1,472 

(«)eoo 


447 
3,132 


23,890 

512 
3,144 


NaTol  architecture 

I 

Historical  relics 

Coins,  medals,  paper  money,  etc 

Musical  instruments 

Modem  pottery,  jMrceluin,  and  bronzes. 

1  No  census  of  the  collection  taken. 

*Up  to  1890  the  numbers  have  reference  only  to  specimens  received  through  the  Museum,  i 
not  include  specimens  received  for  the  National  Herbarium  through  the  Department  of  Agricu 
The  figures  given  for  1890-91  include,  for  the  first  time,  the  number  of  specimens  received  both 
National  Museum  and  at  the  Department  of  Agriculture  for  the  National  Herbarium. 

'The  actual  increase  in  the  collections  during  the  year  1889-'90  is  much  greater  than  appears 
comparison  of  the  totals  fur  1889  and  for  1890.    This  is  explained  by  the  apparent  absenceof  any  in 
in  the  department  of  litholog}^  and  metallurgy ;  the  total  for  1890  in  both  of  thoM»  departmentfi 
bined,  showing  a  decrease  of  40,314  specimens,  owiug  to  the  rejection  of  worthless  material. 

*  Although  about  200  spHcimeus  have  b«»en  received  during  the  year,  the  total  number  of  spec 
in  the  collection  is  now  less  than  that  estiinate<l  for  1889,  owing  to  the  i*^ectiou  of  worthless  ma 

*The  collection  now  contains  between  3,033  and  4,000  specimens. 

*No  estimate  of  increase  maile  iu  1890  or  1891. 
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Table  ihawing  the  annual  increaaein  the  departments  of  the  National  Museum — Continued. 


Name  of  dei>artmeiit. 


ArU  and  induatries— Continacd. 

Paints  and  dyea 

"The Catlin  Gallery" 

Physical  apparatus 

Oils  and  giima 

Chemical  prodncta 

Domestic  animals 

Ethnology 

American  aboriginal  pott«ry 

Oriental  antiqnitiea 

Prehistoric  anthropology 

Himfflals  (skins  iind  alcoholics) 
Bird* 


1887-88. 


1888-'89.  i  (1)1889- '90. 


1890- '91. 


1891-'92. 


100 
500 
251 
198 
661 


109 
500  I 
251 
213  i  ^ 
688    ) 


197 


197 


505,464 
27, 122 


Birds'  eggs  and  nests 

Reptiles  and  batrachiaus 
Fishes 


Vertebrate  fossils 

Mollusks 

Insects '. 

Mtrine  inTertebrates 

ComparatiTe  anatomy : 

Osteology 

Anatomy 

Paleozoic  fossils 

MesoMic  fossils 

Cenozoic  fosMlls 

Fossil  plants 

R««nt  plants  (•) 

Minerals 

Lithology  aLd  physical  geology.  - . 
Metallurgy  and  economic  geology. 
Living  animals 


108,631 

8,058 

56,484 

50,055 

27,664 

101,  350 


506.324 

28,222 

850 

116,472 

8,275 

57,974 

50,173 

28, 405 

107,350 


455,000 
595,000 
515,000 

11,558 

84,  (U9 
70, 925 


468,000 
603,000 
515,  300 

11,753 

91,126 
71, 236 


(") 
263 

1.112 

66 

508, 830 

29,260 

3,485 

123,677 

8,836 

60,219 

51,241 

29,050 

122, 575 

(*)  512 

471,500 

618, 000 

520, 000 

12.326 

92,355 
71, 305 


(Inoludeil  with  molluaks.) 


Total 


10,000 
38,000 
21,896 
22.500 
51,412 
220 


10, 178 
38,459 
27,690 
27.000 
52, 076 
(•)  491 


2, 803, 459     2, 864, 244 


10,507 
39.654 
37, 101 

32. 762 


273 

1,112 

97 

510,630 

30,488 

3,487 

127, 761 

9,301 

(»)62,601 

52,166 

29,935 

127,312 

521 

476,500 

630,000 

526.  750 


12,981 

92,970 
79,754 

10,685 
80,617 
44,236 


197 

273 

1,112 

103 

512,871 

32,305 

3.487 

137,087 

10, 387 

68.416 

58,260 

30,939 

129,218 

1,582 

482,725 

646,500 

533,870 

(»)  12,  555 

93,839 
82,853 

110,685 

134,001 

48,357 


64, 162        (^  36, 787 


2, 895, 104  ;  3, 028,  714  i     3, 226, 941 


'The actual  increase  in  the  collections  during  the  year  1889-'90  is  much  greater  than  appears  from  a 
<^I»arison  of  t  be  totals  for  1889  and  for  1890.  Th is  is  expUined  by  the  apparent  absence  of  any  increase 
™  the  department  of  litholog>'  and  metallurgy;  the  total  for  1890  in  both  of  these  departments  com- 

'B^.  showing  a  decrease  of  46,314  speciniens,  ow-ing  to  the  rejection  of  worthless  material. 

'InclndtMl  in  the  historical  colle<>tion. 

'The  total  number  of  specimens  in  the  department  <»f  Birds  in  1890-'91  wsw  62,806  iniitead  of  62,601. 
^y  a  small  portion  of  the  collection  represented  bv  this  number  wa.s  received  during  the  year 

The  decrease  in  this  department  for  the  year  1891-'92  was  occasioned  by  the  transl^r  of  1,01X) 
weletons  to  tbe  department  of  vertebrate  fossils. 

^Ptol«90  the  numbers  have  reference  only  to  8]>ecimens  received  through  the  Museum,  and  do 
Jjtinclnde  specimens  received  for  the  National  Herbarium  through  the  Department  of  Agriculture. 
*"*"  figures  given  for  1890-*91  include,  for  the  first  time,  the  number  of  specimens  received  both  at  the 
^^^a1  Museum  and  at  the  Department  of  Agriculture  for  the  National  Herbarium. 

*^Uections  combined  in  October,  1889,  uuder  Department  of  Geology.    The  apparent  decrease  of 
'**'«  than  50  per  cent  of  the  estimate<l  total  for  1889  is  accounted  for  (1)  by  the  rejection  of  several 
^Q«snds  of  specimens  from  the  collectiou,  and  (2)  by  the  fact  that  no  estimate  of  the  si>ecinieiis  in 
"*  Wserve  and  duplicate  series  is  included, 
'transferred  to  the  National  Zooh>gical  Park. 

^Ote.— The  fact  that  the  figures  for  two  successive  years  relating  to  the  same  collection  are  un- 
'^ged,does  not  necessarily  imply  that  there  has  been  no  increase  in  the  collection,  but  that  fur  hoiv\^ 
^Ptcial  reason  it  has  not  been  possible  to  obtain  the  figures  showing  the  luorei\ae. 
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Condition  of  the  exhibition  haUs. — The  results  of  over-crowding  m 
evident  everywhere  in  the  exhibition  hails.  The  installation  of  tlie 
collections  and  the  comfort  of  visitors  are  interfered  with.  It  hw 
become  necessary  to  narrow  the  aisles  in  many  halls  to  such  a  degre 
that  they  are  almost  hnpassable,  and  on  occasions  when  unusual  nnir 
bers  of  visitors  are  in  the  city,  many  objects  of  interest  have  to  I 
withdrawn  from  exhibition.  The  unavoidable  crowding  of  the  cas< 
interferes  with  the  lighting,  so  that  many  objects  are  practicall 
hidden  from  view. 

To  relieve  the  present  pressure,  as  regards  si>aee,  I  have,  in  addres 
ing  Congress,  brought  forward  two  propositions.  For  immediate  ar 
temporary  relief  I  have  recommended  the  erection  of  light  galleri< 
in  two  of  the  halls,  with  the  intention  of  hereafter  asking  for  others 
the  same  character.  Such  galleries,  unlike  those  in  the  main  Smit 
sonian  hall,  were  provided  for  in  the  original  plans  of  the  building,  ar 
can  be  erected  without  detracting  from  the  appearance  of  the  halls. 

While  these  galleries  would  add  materially  to  the  available  exhibitu 
space,  we  must  look  to  the  erection  of  a  new  museum  building  for  luo 
permanent  relief  from  the  present  overcrowded  condition.  A  b; 
providing  for  the  construction  of  a  new  building  ha«  twice  receive 
favorable  action  by  the  Senate,  but  has  failed  to  pass  the  House. 

It  is  greatly  to  be  hoped  that  both  the  galleries  and  also  an  adc 
tional  building  may  be  provided  without  further  delay. 

Curatorships. — There  are  now  in  the  Museum  thirty-three  organiz( 
departments  and  sections,  under  the  care  of  eight  curators,  paid  by  tl 
Museum,  and  twenty  honorary  curators,  detailed  for  special  duty  fro 
ditt'erent  bureaus  of  the  Government.  While  the  latter  render  vei 
important  and  highly  appreciated  services,  they  are,  of  course,  mo: 
especially  occupied  with  their  own  peculiar  duties,  and  can  not  devo 
more  than  a  small  portion  of  their  time  to  the  interests  of  the  Museui 
The  technical  character  of  the  duties  of  the  curators  renders  highly  d 
sirable  the  employment  of  a  larger  paid  staft'  of  men  who  have  b£ 
special  training  for  nuiseum  work.  In  order  to  secure  the  services 
such  persons,  however,  and  to  obt.ain  the  best  results  for  the  Museui 
greater  inducements  should  be  offered  in  the  way  of  compensatio 
There  are  few  professors  in  our  (»olleges  who  do  not  receive  larger  s: 
aries  than  it  is  now  possible  to  pay  the  curators  of  the  Museum,  wl 
nevertheless,  in  addition  to  their  onerous  executive  duties  as  custodisJ 
of  the  collections,  are  expected  to  furnish  scientific  information  for 
plies  to  the  thousand  of  inquiries  received  every  year. 

It  may  be  added  that  the  proper  preservation  of  the  collections  of 
entails  much  manual  labor,  and  in  many  instances  immediate  andstr 
nous  efforts  are  needed  to  save  from  entire  loss  large  collections  a 
perishable  nature.  Urgent  work  of  this  kind  is  not  unfrequently  p 
formed  bv  the  curators. 

It  is  most  desiiable  that  the  scientific  staff"  of  the  Museum  should 
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peniiaiiently  identified  with  it,  and  this  condition  can  hardly  be  reached 
anles«  a  majority  at  least  of  the  curators  are  paid  from  its  appropria- 
tions. The  permanent  assignment  of  the  curators  to  their  respective 
departments,  with  adequate  compensation  and  the  absence  of  extraneous 
duties,  would  materially  advance  the  work  of  the  Museum  on  its  scien- 
tific side. 

The  lack  of  means  to  employ  a  sufficient  number  of  assistants  in  the 
lower  grades  causes  a  large  amount  of  minor  routine  work  to  fall  on  the 
curators,  who  are  capable  of  rendering  services  of  a  higher  character. 
On  account  of  this  condition  of  affairs  many  plans  of  the  greatest  impor- 
tance to  the  Museum  are  held  in  abeyance  from  year  to  year,  or  are 
never  consummated. 

Clerical  force, — ^Allusion  lias  been  made  in  my  former  reports  to  the 
need  of  lulditional  clerical  assistance  in  the  Museum.  This  need 
becomes  greater  every  year  as  the  collections  increase  in  magnitude. 
The  salaries  paid  for  clerical  work  are  less  than  in  tbe  executive  depart- 
ments of  the  Government  and  elsewhere,  and  tbe  Museum  on  many 
occasions  has  lost  the  services  of  competent  clerks,  trained  in  tbeir 
special  work,  who  have  been  attracted  to  other  fields  of  labor  by  higher 
compensation.  Some  of  the  departments  in  the  Museum  are  entirely 
without  clerical  assistance,  and  the  curators  are  obliged  to  devote  time 
which  ccmld  be  much  better  employed,  to  the  simple  but  necessary 
work  of  cataloguing  and  labelling  specimens,  preparing  invoices,  and 
unpacking  boxes. 

For  tbe  safekeeping  of  the  collecticms,  which  have  greatly  increased 
in  mtrinsic  value  as  well  as  extent,  a  larger  number  of  watchmen  is 
n^^cessary.  The  force  is  now  so  small  that  it  is  difticult  to  grant  the 
^'"^ual  leaves  of  absence  without  exposing  the  collections  to  danger. 
It  is  also  with  difficulty  that  the  cleanliness  of  the  floors  and  cases  is 
maintained,  on  account  of  the  limited  number  of  laborers  and  cleaners 
which  the  i)resent  appropriation  will  i^ermit  the  Museum  to  employ. 

J^ktrihution  of  specimens. — The  distribution  of  duplicate  material  to 
^incational  institutions  has  been  continued  as  far  as  practicable.  This 
'Jieans  of  diffusing  knowledge  is  one  of  the  most  popular  features  of  the 
^^useuni  work,  and  has  been  carried  on  unceasingly  for  nearly  half  a 
^cntiu'y,  during  which  time  nearly  half  a  million  specimens,  embracing 
^^nmials,  fishes,  marine  inv^ertebrates,  birds,  shells,  rocks,  ores,  min- 
^^alsjaml  ethnological  objects,  have  been  given  to  Museums  and  other 
^Ucational  institutions  in  the  United  States,  while  important  ex- 
changes with  similar  institutions  abroad  have  resulted  in  much  good  to 
t»ie  Museum.  This  work,  too,  is  now  being  seriously  hindered,  owing 
to  lack  of  space  for  the  proper  handling  and  separation  of  the  duplicate 

^terial,  and  its  classification  and  arrangement  into  series  for  distribu- 
tion. 

The  material  distributed  during  the  year  consisted  chiefly  of  miner- 
*ls,  marine  invertebrates,  and  casts  of  prehistoric  stone  vm^XemevvX^^ 
*^d  amoajDted  to  32,098  apecimeas. 
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PuhlicaUonH. — ^There  has  been  unusual  activityin  the  work  of  this  de- 
partment of  the  Museum  during  the  year.    The  report  for  1889  has  been 
published^  and  the  report  for  1890  has  been  put  in  type.    The  manuBcript 
of  the  rei)ort  for  1891  was  sent  to  the  Public  Printer  and  is  now  going 
through  the  press.    Vol.  xiii  of  the  "  Proceedings"  of  the  National  Ma- 
seam  has  been  published.    Of  the  "Bulletin,"  Nos.  39  (Parts  A  to  G)i 
41  and  42  have  been  issued. 

The  Proceedings  and  Bulletins  of  the  National  Museum  are  not  ** pub- 
lic documents,"  hence  no  part  of  the  edition  is  regularly  apportioned 
for  distribution  by  the  Senate  and  House,  or  to  the  legal  depositories- 
The  edition  of  3,000  copies,  now  printed,  is  only  sufficient  to  supply  ii^ 
limited  measure  the  very  urgent  requests  from  public  libraries,  educa- 
tional institutions,  and  scientific  investigators  in  the  United  States  and 
throughout  the  world.  A  larger  appropriation  for  printing  is  needed* 
so  as  to  enable  the  Museum  to  place  a  full  series  of  its  publications  ii  ^ 
rejjresentative  libraries  in  different  parts  of  each  State.  It  is  not  tho 
intention  that  the  annual  number  of  issues  of  the  Proceedings  and  Bui  - 
letins  should  be  increased,  but  that  a  larger  edition  of  each  should  b^ 
printed.  On  account  of  the  small  edition,  the  Museum  fails  to  receive 
in  exchange  the  valuable  publications  of  many  scientific  institutions. 

The  amounts  hitherto  appropriated,  though  expended  with  strict 
economy,  have  been  found  inadequat<e. 

Visitors. — ^The  total  number  of  visitors  to  the  Smithsonian  building 
during  the  past  year  was  114,817,  and  to  the  Museum  269,825;  total -, 
384,642.    This  is  an  increase  of  13,453  over  the  previous  year. 

Heating  and  lighting. — The  larger  part  of  this  appropriation  is  ex:- 
pended  for  fuel  and  gas.  As  has  be«n  explained  in  connection  witl* 
the  estimates  for  previous  years,  it  is  necessary  for  the  safety  of  tli^ 
collection  that  the  buildings  should  be  kept  at  a  nearly  even  tempera- 
ture day  and  night  throughout  the  winter.  The  reduction  of  this  ap- 
priation  below  the  minimum  of  $12,000  will  make  a  deficiency  estimat^e 
necessary.  From  lack  of  fuel,  required  to  maintain  the  proper  temper- 
ature, some  of  the  offices  had  to  be  abandoned  on  several  occasioias 
during  the  wint>er  of  1892.  The  longer  the  hesiting  apparatus  is  used 
the  less  efficient  it  becomes,  and  of  late  it  has  been  necessar}^  eat'l* 
successive  year  to  expend  a  larger  sum  for  replacing  worn-out  parts* 
The  wires  of  the  burglar  alarms,  watchman's  call  boxes,  and  oth^^ 
electrical  apparatus,  have  deteriorated  from  long  use,  and  nee<l  imiu^' 
diate  attention. 

There  are  at  present  in  use  in  the  Museum  building  twenty-five  ft**^ 
lights,  and  this  number  is  not  sufficient  to  illuminate  the  entire  buil*!' 
ing,  there  being  no  lights  in  the  courts  and  an  insufficient  number  ^* 
the  halls.  It  is  thought  that  with  an  additional  plant,  costing  abo^*" 
$5,000,  the  building  may  be  so  lighted  that  it  can  be  thrown  op^^*^ 
occasionally  to  the  public  at  night,  to  the  advantage  of  those  jiersoi*^ 
who  are  unable  to  avail  themselves  of  the  regular  hours  of  exhibition* 
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The  purchase  of  an  additional  engine  will  also  render  it  possible  to 
provide  against  the  contingency  of  total  darkness  in  case  of  damage 
to  dynamo,  line,  or  motor. 

By  the  appropriation  of  $5,000  for  the  removal  of  decayed  wooden 
floors,  and  the  substituting  of  granolithic  or  artificial  stone  pavement 
therefor,  it  has  been  possible  to  complete  a  much  needed  improvement 
in  several  of  the  halls  and  courts  of  the  Museum. 

With  a  view  of  securing  the  best  pavement  possible,  as  well  as  for 
the  purpose  of  obtaining  for  future  guidance  a  practical  knowledge  of 
the  merits  of  the  artificial  stone  flooring  made  by  different  bidders, 
three  proposals  which  did  not  vary  materially  in  amount,  were  accepted. 
It  will  require  a  greater  length  of  time  than  has  yet  elapsed  to  pro- 
nounce upon  the  relative  merits  of  these  pavements,  but  they  have 
already  i)roved  themselves  far  more  satisfactory  than  the  wooden  floors 
for  which  they  were  substituted,  and  it  is  hoped  that  it  will  soon  be 
possible  to  put  down  the  same,  or  some  equally  durable  form  of  pave- 
ment, in  the  parts  of  the  museum  which  still  lack  this  improvement. 

X'he  WorWs  Columbian  Expoftition. — The  work  of  preparing  an  ex- 
hibit for  the  World's  Fair  in  Chicago  has  been  continued  during  the 
year.  A  full  rei)ort  of  the  participation  of  the  Smithsonian  Institution 
a^cl  the  National  Museum  in  this  exhibition  will  be  deferred  until  such 
time  as  a  complete  statement  can  be  made. 

BUEEAU  OF  ETHNOLOGY. 

Sithnological  researches  among  the  North  American  Indians  have 
^^^^n  continued  by  the  Smithsonian  Institution,  in  compliance  with 
^tr^  of  Congress,  during  the  year  1891-'92,  under  the  direction  of  Maj. 
^'  "VV.  Powell,  who  is  also  Director  of  the  U.  S.  Geological  Survey. 

The  work  of  the  Bureau  of  Ethnology  during  the  year  has  been  con- 
^^cted  on  the  same  systematic  plan  before  explained  as  in  successful 
oi>eTation.  The  authors  of  the  publications*  of  the  Bureau  prepare 
tliem  from  material  personally  gathered  by  themselves  in  the  field, 
^liich  is  supplemented  by  study  of  all  the  information  attainable  from 
<>tli€r  sources. 

In  addition  to  the  issue  during  the  year  of  the  Seventh  Annual  Re- 
port and  of  six  other  volumes  of  publications,  mentioned  under  that 
^^ading  in  the  report  of  the  Director  hereunto  appended,  at  the  close 
^f  the  fiscal  year  the  Eighth  and  Ninth  Annual  Reports  were  in  type, 
^he  tenth  had  been  delivered  to  the  Public  Printer,  and  the  eleventh 
*M  twelfth  were  on  file  ready  for  delivery  to  that  official  as  soon  as 
^We  should  be  any  prospect  that  their  printing  could  be  commenced, 
^ther  reports  and  papers  not  intended  to  form  parts  of  the  series  of 
^^uual  reports  were  also  filed  as  ready  for  printing. 

Another  feature  of  the  year's  work  consisted  in  the  collection  by 
officers  of  the  Bureau,  under  the  autliority  of  law,  of  et\v\\o\og>ft  o\i\^^\ie» 
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for  the  exhibit  at  the  World's  Columbian  Exposition.  This  authority 
was  opportune,  as  objects  of  that  character  are  beox)ming  scarce  and 
costly  and  probably  could  not,  after  a  few  months,  be  secured  for  pres- 
ervation in  a  permanent  collection.  A  similar  work  of  preservation, 
also  authorized  by  law,  was  executed  in  the  restoration  of  the  niin  of 
Casa  Grande,  in  Arizona. 

Mention  of  these  8i)ecial  operations  does  not  imply  that  the  re- 
searches into  the  religions,  customs,  history  and  other  ethnologic  data 
of  the  Indian  tribes  were  omitted  during  the  year.  Details  re8i)ecting 
all  the  work  of  the  Bureau  will  be  found  in  the  reiK>rt  of  its  director, 
given  in  the  Appendix. 

NATIONAL  ZOOLOGICAL  PARK. 

The  insufficiency  of  the  appropriations  for  the  maintenance  of  the 
National  Zoological  Park  was  pointed  out  in  the  report  for  the  ye»r 
ending  June  30,1891,  and  experience  amply  supports  the  opinions  ther^ 
expressed.  It  does  not  seem  superfluous  to  repeat  the  following  passa^ 
from  this  last  report : 


"The  primary  object  for  which  Congress  was  asked  to  establish 
National  Zoological  Park  was  to  secure  the  preservation  of  those  AnieE*- 
ican  animals  that  are  already  nearly  extinct,  and  this  object  it  wa-^ 
thought  would  be  best  secured  by  the  establishment  of  a  large  inclosur^" 
in  which  such  animals  could  be  kept  in  a  seclusion  as  nearly  as  possibl^^ 
like  that  of  their  native  haunts.  It  was  believed  that,  except  for  initial 
expenses  for  buildings  and  roads  for  the  public,  this  could  be  done  witl^ 
an  outlay  comparatively  small,  probably  not  exceeding  $50,000  a  year  ^ 
for,  after  the  necessary  land  was  once  acquired  and  fenced  in,  smallef^ 
inclosures  and  x)addo(;ks  could  be  set  off  and  inexpensive  barns  erected 
at  about  this  yearly  charge. 

It  was,  in  the  nature  of  things,  inevitable  that  some  provision  should 
be  made  for  the  convenience  of  a  curious  and  interested  public,  as  well 
as  for  the  care  and  well  being  of  animals  unaccustomed  to  the  pres- 
ence of  man.  For  the  first  of  these  it  was  intended  to  set  aside  a  con- 
siderable area,  on  which  the  principal  buildings  should  be  placed  and 
to  which  should  be  taken,  as  was  expedient,  such  of  the  animals  as 
might  interest  the  public,  the  larger  portion  of  the  park  being  still 
considered  as  a  natural  preserve  where  animals  need  be  disturbed  by 
no  unusual  surroundings,  iind  where  it  was  hoped  they  might,  after 
the  time  necessary  for  their  acclimation,  breed  their  young. 

The  maintenance  of  a  park  devoted  to  these  purposes,  that  is,  pri- 
marily to  useful  and  scientific  ends,  and  secondly  to  recreation,  seemed 
to  those  interested  in  its  success  a  legitimate  tax  upon  national  re- 
sources, but  when  Congress  decided  that  one-half  of  the  necessaiy 
expenses  should  be  raised  by  local  taxation  it  seemed  only  fit  that  the 
tax-payers  should  be  heard  in  their  wish  to  have  prominence  given  to 
the  feature  that  principjilly  int^^rested  them,  and  their  chief  interest  was 
naturally  in  the  park  as  a  place  of  recreation.  That  this  was  recog- 
nized by  a  considerable  body  in  Congress  became  evident  from  the  sub- 
sequent debates. 

The  moral  right  of  the  people  of  the  District  to  ask  consideration  of 
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their  wishes  for  entertaioiucnt  in  return  for  the  outlay  which  falls 
upon  them  can  not  be  questioned,  and  so  far  as  this  could  be  recog- 
nized it  introduced  a  tendency  to  provide  an  establishment  more  like 
an  ordinary  zoological  garden,  or  permanent  menagerie,  than  the  com- 
paratively inexpensive  scheme  at  first  contemplated. 

In  view^  of  the  circumstances  an  appropriation  was  asked  of  Con- 
gress, which  was  believed  to  be  smaller  than  was  consistent  with  the 
proj)er  ultimate  development  of  the  park,  but  on  an  estimate  which 
proposed  to  begin  on  the  most  economical  scale.    Thus,  for  the  general 
maintenance  of  the  collection,  $35,000  was  asked,  which  is  about  tlie 
same  as  the  annual  sum  spent  in  the  Central  Park  menagerie,  New 
York,  having  an  area  of  about  10  acres,  and  at  least  $10,000  less  than  is 
spent  either  at  the  zoological  garden  in  Cincinnati  or  Philadelphia,  each 
having  an  area  of  about  40  acres.    When  it  is  reflected  that  these 
Matter  enterprises  are  conducted  for  business  purposes  by  business  men, 
that  they  have  their  collections  already  nearly  complete  and  purchase 
but  few  new  animals,  it  will  be  seen  that  the  sum  asked  for  the  main- 
tenance of  the  67  acres  of  the  National  Zoological  Park  with  all  the 
expensive  animals  yet  to  be  procured  was  certainly  not  extravagant. 
Coijgiess  reduced  this  estimate  to  $17,500,  a  sum  for  which  as  a  year's 
<?xrperience  has  now  shown  the  Park  can  not  be  maintained. 

^or  buildings,  an  appropriation  of  $86,850  was  asked.  In  this  con- 
P^<ition  it  may  be  recalled  that  in  the  Philadelphia  gardens  the  build- 
ings and  inclosures  cost  $194,705.  The  sum  estimated  was  intended  to 
cover  all  inclosures  p,nd  structures  of  every  character  indispensable  on 
th^  modest  scale  proposed.  '  Congress  reduced  this  to  $18,000. 

Tbe  average  expense  of  preparing  such  uncultivated  grounds  in  city 
P^rks  elsewhere  has  proved  to  be  at  least  $2,900  per  acre.  The  sum  of 
l2tl,500  was  asked  for  that  purpose,  as  no  more  than  sufficient  to  fit 
snoli  portions  of  the  park  as  were  necessary  for  the  immediate  accom- 
^c>dation  of  the  public.    Congress  reduced  this  to  $15,000. 

These  reductions  have  not  only  obliged  me  t(j  retard  the  development 
^^^  the  lines  that  had  been  laid  dowTi,  but  have  increased  the  ultimate 
®c^st;  for  where  living  creatures  are  in  question  it  is  plain  that  they 
*^**\re  not  only  to  be  fed  and  guarded  but  to  be  housed;  and  all  this  at 
^^t3e,  under  penalty  of  their  loss.  Congress  has  plainly  intended  that 
JJ^^y  should  be  preserved,  and  that  some  sort  of  roads  and  access  for 
^*^^  public  should  be  provided  this  year. 

Ihe  result  hds  necessarily  been,  that  with  every  effort  to  obtain  per- 
P^^nent  results  there  has  been  a  partial  expenditure  of  the  absolutely 
'^  Sufficient  grant  on  enforced  expedients  of  a  temporary  character, 
^"^Itich  are  not  in  the  interest  of  economy. 

It  is  extremely  desirable  that  a  sum  for  emergencies  be  secured  in  the 

^^^:xt  appropriation.     In  carrying  forward,  from  the  beginning,  novel 

?*^id  untried  work  of  such  varied  character,  unforeseen  difficulties  must 

^^^vitably  arise,  but  no  provision  has  been  made  for  these,  nor  even  for 

^^ch  readily  anticipated  emergencies  as  are  caused,  for  instance,  by 

^oods  in  grounds  traversed  by  a  stream  which  has  been  known  to  rise 

^  teet  in  less  than  half  an  hour. 

.    Ilie  difficulties  which  these  conditions  have  imposed  on  the  admin- 
^*^tration  of  the  park  may  be  fairly  called  extreme,  and  the  amount  and 
c^baracter  of  what  has  been  effected  must  be  considered  in  this  con- 
nection.   In  spite  of  these  the  result,  I  think,  may  be  said  to  be,  that 
^t  least  as  a  source  of  interest  and  amusement  to  the  people  the  park 
^  exceeded  the  most  sanguine  expectations." 
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It  will  be  observed  that,  of  the  $101,350  asked,  two-thirds  were  for 
buildings  and  grounds  which,  if  not  provided  for,  could  wait  with  com- 
paratively little  inconvenience,  while  the  remaining  third,  or  $35,000, 
was  for  the  care  iHid  food  of  living  animals,  for  policing  of  the  i)art 
and  for  the  safety  of  the  public,  matters  which,  when  the  garden  was 
once  opened,  could  not  wait,  and  could  not  be  materially  diminished, 
but  constituted  a  comparatively  fixed  sum  without  which  the  park 
could  not  go  on,  and  which  should  therefore  be  given  nearly  a«  it 
stood  or  withheld  altogether.    Congress,  however,  it  will  be  seen,  re- 
duced all  these  items  nearly  in  the  same  proiwrtion,  that  is,  to  abont 
one-half. 

Two-thirds  of  the  desired  appropriation  was  of  a  nature  that  coul<i 
perhaps  be  reduced  one  year  and  made  good  later;  the  other  third  (th»t 
for  food  of  living  animals  and  maintenance),  as  painful  experience  ha3 
shown,  could  not  be  materially  reduced  and  could  not  be  made  gocKl 
later;  audit  is  the  deficiency  on  this  item  that  has  been  the  specid^ 
cause  of  the  difficulties  of  the  administration. 

Inadequacy  of  appropriations, — Embarrassment  also  arose  from  tU^ 
fact  that  the  small  amount  appropriated  w^as  specified  and  allotted  ui-m  - 
der  three  separate  subordinate  lieads  and  in  three  nearly  equal  amounta^-y 
although  the  needs  were  not  equal.  As  the  bounds  of  these  allotment^ 
could  not  be  overstejiped,  it  occurred  that,  while  there  were  relative)  3^^ 
suflicient  funds  under  one  item  (the  care  of  grounds),  there  was  entire  ii»  " 
adequacy  under  the  much  more  essential  head  which  provided  for  th^ 
maintenance  and  care  of  living  animals.  No  matter  how  great  the  emet — 
gency  or  serious  the  need,  it  was,  of  course,  imjmssible  to  change  thi^ 
allotment,  and  while  the  total  appropriated  by  Congress  might,  by  clos^ 
economy,  have  been  sufficient,  yet  there  was  danger  that  the  animal^ 
would  be  unfed  and  that  the  force  of  watchmen  and  keepers,  althougl^- 
overworked,  would  be  inadequate  for  their  proper  protection ;  and  as  ther^ 
existed  no  authority  to  give  away  or  sell  the  animals,  disaster  of  somc^ 
kind  would  have  ensued  but  for  the  aid  indirectiy  given  by  the  Smith- 
sonian Institution. 

It  may  here  be  mentioned  tliat  it  was  expected  that  a  large  number 
of  animals  would  be  obtained  from  the  Yellowstone  National  Park, 
that  being  the  principal  great  preserve  for  wild  game  conti^oUed  by  the 
Government  of  the  United  States.  With  the  consent  of  the  honor- 
able the  Secretary  of  the  Interior,  a  hunter  was  employed  to  cax)ture 
large  wild  animals  in  considerable  numbers,  which  were  to  be  for- 
warded to  the  park  at  Washington.  When  a  number  of  bears,  deer, 
and  elk  were  thus  obtained,  the  reduced  appropriations  were  insufficient 
to  continue  his  employment  or  to  transport  the  animals  already  captured. 
A  still  more  regrettable  consequence  was  the  necessity  of  refusing  abso- 
lutely all  gifts  made  by  the  public,  as  there  were  no  means  of  paying  for 
the  transportation  of  animals  or  for  their  subsistence  when  received.  This 
has  been  a  serious  disadvantage  to  the  collection,  not  only  at  present^ 
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bnt  as  regards  its  future,  for  it  need  hardly  be  said  that  it  has  dis- 
couraged and  rebuffed  many  public- spirited  citizens  who  would  have 
been  glad  to  present  animals  to  the  park,  and  who  will  now  cease  to 
Iiave  any  further  interest  in  the  enterprise. 

Dangers  by  freshet. — On  the  5th  of  September,  1891,  a  freshet  of  un- 
usual violence  invaded  the  valley  of  Rock  Creek.    Such  was  the  rapid- 
ity of  the  increase  of  wat^r  that  in  less  than  half  an  hour  the  little 
stream  had  risen  6  feet  and  had  become  a  torrent  of  considerable  mag- 
oitnde  and  i>ower.    The  piers  for  the  bridge  had  just  been  completed, 
bat  the  banks  above  and  below  were  not  yet  i)rotected  from  the  abra- 
sion of  a  ttood.    In  consequence  of  this  the  water  formed  an  eddy 
uear  one  of  the  piers,  causing  it  to  break,  and  cracked  one  of  the  abut- 
meiitfl.    It  is  believed  that  this  unfortunate  accident  was  not  due  to  any 
defect  in  the  design  of  the  pier  (which  was  constructed  under  the  com- 
petent supervision  of  the  late  Gen.  Meigs),  but  rather  to  the  fact  that 
tUo  freshet  occurred  before  the  neighboring  banks  were  properly  pre- 
pai-ed. 

The  damage  to  the  pier  was  by  no  means  the  total  extent  of  that 
caused  by  the  flood.  The  bear-yards,  then  nearly  completed  and  ready 
for  occupation,  were  very  seriously  injured  by  the  precipitation  into 
tbena  of  many  tons  of  rock  and  earth.  This  made  it  evident  that  the 
b5j.uk  of  earth  and  decomposed  rock  on  the  cliff  above  the  yards  could 
not  be  depended  on  without  some  additional  safeguard.  The  heavy 
fall  of  water  seriously  injured  and  cut  away  the  new  roads,  gutters, 
at^d  drains  that  were  yet  fresh  and  unsettled,  removed  whole  banks  of 
eairth  from  fresh  slopes  and  washed  out  trees  and  bushes.  The  creek 
cb^nged  the  level  of  its  banks,  cutting  out  a  new  channel  for  itself  in 
se^veral  places,  and  covered  the  slopes  with  hundreds  of  tons  of  gravel 
and  sand,  and  occasionally  even  deposited  coQsiderable  stones,  which 
^^re  lifted  by  the  rushing  water  and  left  ui)on  the  grass  as  a  striking 
ev^idence  of  the  violence  of  the  flood.  Immediate  steps  were  commenced 
to  Tepair  the  damage,  but  this  work  was  not  completed  within  the  flscal 
y^ar  on  account  of  the  insufficiency  of  the  appropriation. 

The  bear-yards  are  in  an  abandoned  quarry,  adjoining  a  precipice 
otiose  summit  is  uiwn  the  extreme  boundary  line  of  the  park.    For  this 
reason  no  permanent  protection  can  be  provided  until  the  Government 
^^cures  the  few  contiguous  roods  needed  at  the  top.  With  this  the  sum- 
mit of  the  precipice,  formed  of  the  original  rock,  would  constitute  the 
Aeap  and  natural  barrier.     For  protection  under  the  actual,  existing 
^»ditions,  the  only  measure  (and  it  is  both  incomplete  and  expensive)  is 
^  build  a  retaining  wall  reaching  from  the  solid  rock  of  the  cliff  high 
enough  to  hold  any  detritus  that  might  be  displaced  by  the  action  of 
^in  or  frost.*    This  has  been  commenced,  but  left  incompleted  owing 
^  lack  of  funds. 


•See  iUuBtratioD;  Plate  II,  page  41. 
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A  considerable  force  of  men  was  employed  in  repairing  the  roads, 
gutters,  and  drains,  and  in  diverting  tbe  course  of  the  stream  so  as  to 
prevent  further  erosion  of  the  banks.  The  amount  expended  in  par 
tially  repairing  the  damage  caused  by  the  freshet  was  nearly  $5,0(M). 
This  unexpected  demand  upbn  already  insufficient  appropriations  was 
another  cause  of  embarrassment. 

Influx  of  visitors, — Public  interest  in  the  park  has  stea<lily  increased 
from  the  beginning,  and  even  in  its  present  unfinished  state  the  number 
of  visitors  in  a  single  day  sometimes  retw^hes  from  five  to  ten  thousand 
or  more.  It  was  supposed  that  when  the  collection  should  be  of  notable 
size,  when  the  buildings  were  completed,  the  grounds  improved,  and 
the  means  of  access  ample,  that  a  large  number  of  visitors  would  fre 
quent  the  park,  but  so  very  large  and  so  immediate  an  attendance  could 
hardly  have  been  anticipatt^d.  It  was  found  that  the  force  of  watch 
men  was  quite  insufficient  properly  to  direct  and  control  the  throngsof 
people  that  on  holidays  passed  through  the  unfinished  houses  and  along 
the  roads  and  paths.  There  are  five  entrances  to  guard,  and  eight  sep 
arate  houses  and  inclosures  where  animals  and  property  ai^  kept,  so 
far  distant  from  one  another  that  a  watchman  or  keei)er  should  be 
stationed  at  each,  while  in  the  larger  houses,  like  the  general  animal 
house  and  the  elephant  house,  it  is  desirable  to  have  more  than  one 
keeper  on  hand,  during  tlie  presence  of  great  crowds,  both  for  thepui- 
pose  of  protecting  children  as  well  as  to  prevent  mischievous  individ- 
uals from  injuring  the  animals.  The  services  of  the  keepers  are  required 
chiefly  in  the  day,  but  there  must  be  watchmen  to  relieve  each  other 
during  the  whole  twenty-four  hours.  LTnder  these  circumstances,  the 
appropriation  allowed — for  the  guarding  of  the  animals,  thepubhc,and 
the  policing  of  the  1G7  acres  by  day  and  by  night — but  six  men  includ 
ing  both  watchmen  and  keepers. 

Deficiency  appropriation, — In  view  of  these  and  other  circumstances 
it  seemed  proper  to  ask  a  measure  of  relief  from  Congress.    The  fol 
lowing  estimates  were  accordingly  framed  and  a  deficiency  appropria- 
tion asked  to  meet  them : 

National  Zoological  Park:  ImprovemenU — 

For  coiitinuing  the  coustructiou  of  roads,  walks,  and  brid;;es,  and  for 
grading,  planting,  and  otherwise  improving  the  gronntls  of  the 
National  Zoological  Park,  being  a  doliciency  for  the  fiscal  year 
1892 \ \...  $4,870.81 


Note.— Tlii«  approprintiou  is   remlonMl   iioceHsary  because  of  the 

»torm  of  SopU>mbcr  5.  1891.  which  {i:rt*atlv  «la:na}iO(l  the  workaufiiu- 

proveiiient  in  the  park.    The  Hiiin  a^ktMt  is  for  the  purpose  of  reim- 

i)ur»inj;  the  appropriation  for  the  amount  a<"tii.'Uly  exi>€nded  in  repair- 

*  ing  those  damages  and  prevontiug  siinihir  oixurreuces  for  the  future. 

National  Zoological  Park:  Maintenancej  eU\ — 

For  care,  subsistence,  and  transportation  of  animals  for  the  National 
Zoological  Park,  and  for  the  purcliase  of  rare  specimens  not  other- 
wise obtainable,  including  salaries  or  compensation  of  all  neces- 
sary employes  and  geiuTal  incidental  expenses  not  otherwise  pro- 
vided for,  being  a  deficiency  for  the  fiscal  year  1892 $4, 434.00 
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onal Xoological  Park:  Maintenance,  e<c.— Coutiuued. 

Note.— This  sum  includes: 
Paynieut  of  extra  watchmen  on  SnndayH  and  holidays,  uecessaiy  be- 
cause of  the  g;rejit  influx  of  visitors.  18  uieu,  10  days  each,  at  $2 $684. 00 

Transportation  of  specimens  already  oflere<l  to  ana  purchased  by  the 
D&rk   vis  I 

From  Yellowstone  Park - 350. 00 

From  South  America 500. 00 

Froiu  Australhi 500. 00 

Care  and  maintenance  of  the  above  animals 900.  00 

Can?  and  maintenance  of  the  elephants  presented  and  lent  to  the  park.  1, 500. 00 

t»i»a/  Zoological  Park:  Organization^  improvement^  maintenance — 
For  repairs  to  the  Holt  luansivu  to  make  the  same  soitahle  for  occu- 
paucy,  and  for  office  furniture : 

To  pay  Devereux  &,  Gaghan,  plumbing  and  gan  litting $320.47 

To  pay  Julius  Lansburgli,  chairs 14. 00 

To  ]iay  Barber  &  Ross,  grates 46. 00 

To  pay  George  Breitbartb,  chairs 26. 75 

To  pay  A.  Eberly's  Sous,  stoves 20. 35 

Total $426.57 

Note.— The  above  liabilities  were  incurred  under  the  supposition  that  they  could 
pniperly  be  charged  against  other  items  of  this  appropriation.  The  First  Comp- 
troller 18  of  the  opinion  that  they  should  be  charged  against  this  item. 

I'o  reimburse  the  Sniithsoiiiau  fund  for  assuming  the  expenses  of  labor 
and  materials  for  repairs  urgently  necessary  for  the  preservation  of 
the  Holt  mansion,  including  the  following : 

(•.  Burlew,  concreting  and  pitching $60.48 

Belt  &.  Dyer,  doors  and  moldings 37. 11 

H.  C.  Mounie,  lathing  and  plastering 173. 64 

C.  W.  Dawes,  carpentry ,  24. 00 

W.  O.  Strieker,  carpentry 33. 00 

Church  &  Stephenson,  lumber 116. 22 

0.  L.  Wolfsteiner  &  Co. ,  skylight 55. 00 

Total $499.45 

Note. — Tlie  amount  approuriated  by  Congress  for  repairs  to  the  Holt  mansion 
was  expended  l)efore  the  roor  was  covered  in,  nnd  upon  the  decision  of  the  Comp- 
troller that  it  could  not  be  covere<l  in  from  the  item  for  "expenditures  not  other- 
wise (provided  for,"  the  Smithsonian  Institution  advanced  this  sum  from  its 
private  funds  to  prevent;  the  destruction  by  the  weather  of  what  had  already 
been  done. 

For  current  expenses — 
To  pay  Melville  Lindsay  for  rubber  boots  furnished  to  employes  en- 
gaged to  ^vork  in  water  iu  the  National  Zoological  Park. . .^ 38. 00 

964.02 
Vote.— These  b<iots  were  issued  to  the  men  each  moniin<;  urd  tskcu  from  th«m 
Kt  niglit,  Iwing  worn  only  while  on  duty.    The  First  Comptroller  holds  that  the 
Muni  can  not  proiierly  be  paid  without  special  legislation. 

(All  being  for  the  service  of  the  fiscal  year  1891.) 

he  following  deficiency  appropriation  was  ma<le  by  Congress  under 
e  of  March  8,  1892: 

""or  care  and  subsistence  of  animals  for  the  National  Zoological  Park, 
*^1  year  eighteen  hundred  and  ninety-two,  one  thousand  dollars,  one- 
^'of  which  sum  shall  be  paid  from  the  revenues  of  the  District  of 
'unibia  and  the  other  half  from  the  Treasury  of  the  United  States. 
^dmages  occasioned  by  the  undue  reduction  of  force. — As  the  season 
^auced  and  no  additional  appropriation  was  made  by  Congress,  it 
^me  necessary  to  reduce  the  expenses  of  the  park  still  further.  This 
^  done  by  stopping  all  work  upon  the  buildings  and  grounds,  and 
ncing  the  force  till  one  watchman  only  could  be  on  duty  at  a  tiwvi^ 
H.  Mis.  114 3 
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and  much  danger  to  the  public  and  mauy  accidents  to  the  animals  en- 
sued in  consequence.  Tlie  deer  and  antelope  were  annoyed  and  injured 
by  dogs,  the  flock  of  vaUiable  Angora  goats  was  nearly  destroyed  by 
being  poisoned  by  visitors  with  laurel  {Kalmia  latifolia)^  and  many 
other  injuries  were  inflicted  on  the  animals,  while  the  administration 
was  in  anxiety  lest  some  grave  accidents,  such  a*s  were?  almost  to  be 
expected  under  these  circumstances,  should  occur  among  the  croAvdsof 
visitors,  embracing  not  only  adults,  but, children,  of  the  latter  of  whom 
there  were  often  many  hundreds  present  and  unprotected. 

That  this  anxiety  was  not  unwarranted  was  shown  on  the  night  oi 
May  24,  when  a  grizzly  bear,  during  the  absence  of  the  single  watdi 
man,  scrambled  up  the  almost  perpendicular  cliflF  in  the  rear  of  tlw 
yards  and  escaped  from  the  park.  After  fruitless  attempts  to  captort 
him,  and  the  injury  of  one  of  the  employes  whom  he  wounded,  order* 
were  reluctantly  given  to  shoot  him. 

The  following  letter,  setting  forth  the  urgent  needs  of  the  park,  wa« 
addressed  to  the  Secretary  of  the  Treasury  on  January  23 : 

Smithsonian  Institution, 
Washiy\(jtony  J).  6'.,  January  23. 1S92. 

Sir  :  I  beg  leave  to  invite  your  attention  to  the  estimates  under  th* 
Smithsonian  Institution  for  the  fiscal  year  ending  June  30, 1893,  dnl] 
submitted  to  you  October  7,  1891,  and  to  the  modified  form  in  wbid 
these  estimates  were  transmitted  to  Congress,  whereby  it  would  seer 
to  be  recommended  that  no  in(*rease  be  made  over  the  amount-s  apprc 
priated  for  the  current  year. 

While  feeling  that  all  the  amounts  a^ked  for  by  the  Institution  bar 
been  only  such  as  are  adecjuate  with  tlie  strictest  economy,  I  have  t 
ask  your  especial  attention  to  the  three  items  for  the  National  Zoolojp 
cal  Park,  L  «.,  Improvements,  Buildings,  and  Maintenance.  Disaster 
from  floods  and  like  contingencies  for  which  no  provision  was  niadeb; 
Congress  in  the  appropriations  for  the  present  year  emphasize  tb 
necessity  of  securing  the  full  amount  estimated  under  the  headinp 
Improvements  and  Buildings,  while  there  exists  exceptional  necessit; 
in  the  item  for  Maintenance,  which  is  essentially  for  the  food  and  car 
of  living  animals. 

The  appropriations  made  by  the  act  of  March  3,  1891,  for  "main 
tenance"  during  the  present  fiscal  year  (for  which  $35,000  was  asked] 
was  $17,000,  but  the  sum  of  $5,122.71  from  the  appropriation  of  Apri 
30,  1890,  was  available  and  has  been  used  for  this  purpose;  and  eve 
with  this  addition  it  has  been  necessary  to  ask  for  a  deficiency  appr< 
])riati()n  of  $4,434,  chiefly  to  cover  expenditures  w^hich  were  found  t 
be  absolutely  necessary  to  prevent  loss  to  the  Government. 

The  minimum  expenditures  for  the  present  year  under  this  item  wi 
therefore  be  $22,022.71;  the  expenses  for  the  first  six  months  heir 
♦  14,209.73,  or  at  the  rate  of  $28,539.40  per  annum.  I  trust,  therefor 
tliat  it  is  made  sutticiently  clear  that  with  an  appropriation  of  $17,5< 
it  will  be  im])Ossib]e  to  properly  care  for  and  feed  the  animals  now  \ 
hand. 

The  past  expenditures  would  have  been  still  larger  but  that  the  wo 
on  the  a<5counts  for  the  Treasury  has  in  part  been  done  gratuitously 
the  Institution,  which  has  also  supplied  free  of  cost  office  rooms,  as  w 
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as  the  aid  and  supervision  of  unpaid  naturalists.  This  can  not  be  reck- 
oned upon  for  the  future,  but  has  been  sanctioned  by  the  Eegents  as  a 
me^ns  to  meet  the  exigency  uutil  the  need  of  a  larger  appropriation  can 
be  represented  to  Congress,  and  in  the  meantime  the  working  force  has 
been  reduced  to  an  extreme  degree,  the  policing,  for  instance, -being  now 
done  by  one  watchman,  aided  by  two  employes  who  are  largely  engaged 
with  other  duties;  and  these  three  men  are  required  to  maintain  order 
over  an  area  of  167  acres,  visited  during  each  day  by  thousands  of  people. 
These  details  are  mentioned  in  connection  with  the  fact  that  (unless  some 
Bmall  purchases  of  animals  made  at  the  outset  be  excepted)  it  is  under 
like  stringencies  of  economy  in  every  branch  of  the  administration  that 
the  expenses  have  already  amounted,  as  shown  above,  to  more  than 
$14,000  in  six  months. 

1  can  not  too  emi)hatically  represent  the  peculiar  difficulties  that  must 
arise  in  administering  an  insufficient  appropriation  for  the  <;are  of  liv- 
ing wild  animals,  unable  to  care  for  themselves  where  they  are,  if  no 
provision  has  been  made  by  Congress  for  disposing  of  them  elsewhere. 

In  view  of  increased  expenses  since  the  estimates  were  prepared,  due 
directly  to  the  unexpectedly  great  popular  interest  manifested  in  the 
park,  and  to  the  extraordinary  increase  of  visitors,  [  now  feel  com- 
pelled to  either  increase  the  estimate  for  maintenance  to  $30,000,  to 
cover  fiirther  contin£:encies,  or  to  ask  that  the  total  appropriation 
requested  for  the  park  be  made  in  such  form  as  to  allow  a  certain  dis- 
cretionary power  to  meet  them.  If  under  the  circumstances  stated,  the 
latter  would,  in  your  judgment,  be  the  more  advisable  course,  I  would 
respecttully  ask  that  you  recommend  to  Congress  that  the  three  items  of 
improvements  ($20,000),  buildings  ($27,000),  and  maintenance  ($26,000) 
be  appropriated  in  one  sum  of  $73,000,  as  follows : 

National  Zoological  Park,  Smithsonian  Institution : 

Continniug  the  construction  of  roads,  walks,  bridges,  water  supply,  sewerage,  and 
'Irainage,  and  for  grading,  planting,  and  otherwise  improving  the  grounds,  erecting, 
aud  repairing  buildings  and  inclosures  for  animals  and  for  admiuistratiye  purposes, 
cafe,  subsistence,  and  transportation  of  animals  aud  for  the  purchase  or  exchange  of 
specimeus  not  otherwise  obtainable,  including  salaries  or  compensation  of  all  neces- 
wry  employes,  and  general  incidental  expenses  not  otherwise  ]irovided  for,  $73,000. 

I  have  the  honor  to  be,  very  respectfully,  yours, 

S.  r.  Langley, 

Secretary, 
The  Secbktary  of  the  Treasury, 

Washington,  D.  G. 

Notwithstanding  this  urgent  api)eal,  it  was  iound,  when  the  sundry 
civil  appropriation  bill  was  reported  to  the  House,  that  but  $29,000 
W'iw  recommended  to  be  appropriated  for  the  National  Zoological  Park. 
This  was  divided  into  the  following  heads: 

Improvements $9, 000 

Buildings 10,000 

Maintenance 10, 000 

The  matter  seemed  to  me  so  urgent  and  serious  as  to  demand  the 
immediate  attention  of  the  Regents.  I  therefore  called  a  s|>ecial  meet- 
ing of  the  Board  and  laid  the  matter  before  them.  The  result  of  that 
neeting  will  be  seen  in  the  following  letter  addressed  to  the  President 
>f  the  United  States  Senate. 


36  report  of  the  secretary. 

Smithsonian  Institution, 

Washington,  April  2, 1892. 

Sir  :  In  accordance  with  the  instruction  of  the  Regents  of  the  Smith- 
sonian Institution,  I  have  the  honor  to  transmit  a  resolution  passedby 
them  on  the  29th  of  March,  1892,  together  witli  the  following  prelim 
inary  statement  of  the  considerations  on  which  it  is  based  : 

The  National  Zoological  Park  was  placed  under  the  Regents  of  the 
Smithsonian  Institution  by  the  act  of  April  30, 1890,  to  be  administered 
by  them,  first  "  for  the  advancement  of  science  "  and,  second,  "  for  the 
instruction  and  recreation  of  people. " 

The  necessity  of  protecting  the  unexpectedly  large  crowd  of  people 
that  have  been  attracted  to  the  Park  and  of  providiug  for  their  access 
to  the  animals,  as  well  as  for  the  protection  of  the  latter,  has  made  it 
necessary  to  assign  to  this  secondary  object  a  disproiwrtionate  share  of 
the  appropriations,  and  it  seems  unavoidable  that  this  subordinate 
feature  shoukl  thus  claim  the  larger  portion  of  the  expenses,  as  long  as 
the  collections  are  open  to  the  public,  as  in  ordinary  zo<>logical  gardens. 

The  appropriations  for  the  fiscal  year  1891-'92  were  made  under  three 
heads:  Improvements  and  care  of  grounds,  $15,000;  buildings, $18,000, 
and  maintenance,  $17,500,  these  amounts  being  ai)out  one-half  those 
that  were  submitted  to  Congress  as  necessary  to  make  preliminary  pro- 
vision for  the  security  and  accessibility  of  the  collections  and  to  ad- 
minister their  trust  with  safety  to  the  public. 

The  Regents  recognized  the  impossibility  of  doing  this  with  such 
means;  but,  considering  that  the  animals  were  already  in  the  Park, in 
view  of  this  public  safety,  and  regarding  the  act  as  mandatory  upon 
them,  they,  with  the  aid  of  a  balance,  economi7x»d,  in  anticipation  from 
the  original  appropriation  made  for  the  organization  of  the  Park,  aud 
a  deficiency  item  of  $1,000,  to  meet  urgent  needs,  have  endeavored  to 
get  through  the  year  until  relief  could  be  had  from  Congress.  In  doing 
so  they  have  been  obliged  to  reduce  the  number  of  watchmen  and  em- 
ployes of  the  Park  in  every  grade  till  the  public  safety  threatens  to  be 
endangered,  while  yet  a  considerable  part  of  these  watchmen  have  been 
called  on  to  labor  continuously  through  Sundays  and  holidays  ten  to 
twelve  hours  a  day  without  extra  compensation,  and  have  in  other  re- 
spects felt  obliged  to  carry  economy  to  a  degree  which  would  have  been 
unjustifiable,  except  upon  compulsion  under  such  circumstances. 

They  would,  in  their  opinion,  have  been  unable  to  administer  the 
Park  to  the  close  of  the  fiscal  year,  even  under  these  conditions,  had 
they  not,  in  view  of  the  emergency,  also  given  without  charge  the 
services  of  officials  and  employes  paid  from  the  private  Smithsonian 
fund.  The  total  expenditure  for  maintenance  during  the  current  year 
may,  under  these  conditions,  be  expected  to  be  $23,600.  These  facts 
were  represented  by  them  through  the  Secretary  of  the  Institution  in  a 
letter  dated  January  23,  1892,  to  the  Secretary  of  the  Treasury  (ae^py 
of  which  is  appended)  and  by  him  transmitted  to  Congress. 

For  the  year  1892-^93  the  following  estimates  were  sent  to  the  Treas- 
ury Department:  Improvements,  $20,000;  buildings,  $27,000,  and 
maintenance,  $26,000. 

In  the  sundry  civil  bill  (H.  R.  7520)  as  now  reported  to  the  Hous£ 
of  Representatives,  there  is  appropriated  for  improvements  $9,000 
for  buildings  $10,000,  and  for  maintenance,  $10,000;  in  all  $29,000.  h 
the  Regents  considered,  as  they  must,  $0,000  as  inadequate  for  a  yeai'^fi 
expenditure  in  laying  out  the  roads  and  grounds  in  a  new  park  of  101 
acres,  they  yet  would  not  have  felt  compelled  to  make  this  present  rep 
resentation,  since  such  improvements  nmy  await  the  action  of  a  iiiturc 


REPORT   OF    THE    SECRETARY.  37 

Congress;  but,  under  the  appropriation  for  ''^buildinj»8,"  tlie  security 
of  the  animals  must  be  i)rovided  for  without  delay,  while  under  "main- 
tenance" come  not  only  their  food  and  warmth,  but  the  protection  of 
the  public ;  and  that  in  the  case  of  animals,  which  are  helpless  to  i^rovide 
for  themselves  and  dangerous  if  not  guarded,  can  not  wait  future  action, 
has  been  a  pressing  consideration  to  them. 

The  Regents  think  it  proper  to  remark  that  the  roads  of  the  park  in 
the  vicinity  of  the  cages  have  been  crowded  with  visitors,  to  the  nuni- 
her  of  as  many  as  10,000  in  a  day,  before  there  was  time  to  make  any 
means  for  the  permanent  care  of  the  animals,  or  provide  proper  roads 
to  get  to  them,  even  had  the  means  for  these  been  ai)propriated,  and 
that  there  is,  in  their  judgment,  every  reason  to  expect  during  the  com- 
ing summer  the  visit  of  still  larger  throngs,  composed  not  only  of  adults, 
but  of  children. 

The  Regents  feel  desirous  to  represent  that  they  can  not  be  held  re- 
sponsible for  the  imminent  danger  which  must  result,  under  the  contem- 
plated withdrawal  even  of  these  means  for  protection  which  experience 
has  already  shown  to  be  absolutely  insufficient.  They  would  also  ask 
attention  to  the  fact  that  small  as  the  appropriation  is,  it  is  in  several 
items,  and  that  under  no  emergency  is  any  discretion  allowed  them  as 
to  their  relative  amounts,  although  the  whole  matter  of  expenditure  is 
here  for  a  novel  purpose,  on  which  only  experience  could  decide  the 
relative  exigency  of  each  part. 

If  Congress  intended  that  the  park  must  be  maintained  on  the  ap- 
propriation under  which  the  Regents  have  been  unable  to  administer  it 
the  last  year  (imi)rovement,  $15,000;  buildings,  $18,000;  maintenance, 
417,500),  they  deem  it  rejisonable  to  bring  the  attention  of  Congress  to 
the  fact  that  a  discretion  might  properly  be  exercised  by  them  as  to  what 
proi)ortion  they  should  apply  to  the  imminent  needs  of  the  public  safety 
and  what  to  matters  of  less  urgency,  and  that  they  should  either  be 
allowed  to  expend  on  the  part  upon  which  the  safety  of  the  public  and 
the  existence  of  the  animals  especially  depends,  that  which  their  ex- 
perience has  shown  to  be  indispensable,  or  that  they  should  be  relieved 
«l'  responsibility  for  the  consequences. 

They  desire  to  add  in  further  explanation  that  they  do  not  suppose 
tliat  with  the  total  appropriation  of  $50,000,  of  which  $26^000  is  for 
"maintenance"  (mentioned  in  the  resolution),  the  park  can  be  proi)erly 
conducted,  and  that  they  believe  this  sum  to  be  in  fact  inadequate  for 
such  conduct,  their  intent  being  to  state  to  Congress  the  sum  below, 
^Wch,  according  to  their  experience,  it  is  impossible  to  undertake  that 
t^|e  park  shall  be  carried  on  another  year,  tliough  not  creditably,  yet 
without  most  probable  danger. 

The  resolutions  are  as  follows : 

March  29,  1892. 

^ohedf  That  the  Board  of  Regf'iits  of  the  Smithsonian  Institution  wouhl  respect- 
»?%  represent  to  Conijresa  the  impossibility  of  maintaining  the  United  States  Na- 
tional Z(»ological  Park,  required  by  the  aet  of  Congress  of  April^O,  1890,  with  a 
^^  total  appropriation  than  $50,000,  of  which  at  least  $26,000  will  be  required  for 
Maintenance. 

^mlredf  That  the  Secretary  of  the  Institution  be  requested  to  communicate  this 
Solution  to  the  President  of  the  Senate  and  Speaker  of  the  House,  with  a  prelimi- 
"*^V  statement  of  the  reasons  and  considerations  on  which  it  is  biised. 

I  have  the  honor  to  be,  sir,  with  great  respect,  your  obedient  servant, 

S.  P.  Langley, 

Sei^etary, 
Hon.  Levi  P.  Morton, 

President  of  the  fSenate. 
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[House  Ex.  l>«jc.  No.  102,  Fifty  kiu'ijimI  ('oiij;n!s«,  fir^t  srssioii.  ] 

Trkasury  Dkpautment,  JaiiHary  2.'*^  lS9f. 

Sir:  I  liave  tlio  honor  to  transmit  herewith,  for  the  consideration  of  Con^frea-S  ^ 
communication  from  the  Secretary  of  the  Smitlisonian  Institution  of  the  23d  instant, 
in  relation  to  the  estimati^s  on  pajijo  231  of  the  l<<iok  of  Estimates,  for  the  fiscal  year 
1893,  Hnhmitt«d  for  the  improvement,  maintenan(;e,  ete.,  of  the  National  Zoolopcal 
Park,  District  of  Columhia,  for  the  fiscal  year  ending?  June  30,  1893. 
Respectfully,  yours, 

O.  1j.  Spatlding, 

Acting  Secretary. 
The  Spkakrr  of  thk  Housk  of  Rkprksentatives. 


Smithsonian  Institution, 
Washiuyton,  J).  C.  January  i*ii,  1S91 

Sir:  I  beg  leave  to  invite  your  attention  to  the  estimates  under  the  Smithsonian 
Institution  for  the  fiscal  year  ending  June  30,  1893,  duly  submitted  to  you  Octol»er 
7,  1891,  and  to  the  modified  form  in  which  these  estimates  were  transmitt^^d  to  Con- 
gress, whereby  it  would  seem  to  be  recommended  that  no  increase  be  made  overtbe 
amounts  appropriated  for  the  current  year. 

While  feeling  that  all  the  amounts  asked  for  by  the  Institution  have  been  only 
such  as  are  a<lequate  with  the  strictest  economy,  I  have  to  ask  your  special  atten- 
tion to  the  three  items  for  the  National  Zoological  Park,  t.  #».,  improvements,  bniW- 
ings,  and  maintenance.  Disasters  from  tloods  and  like  contingencies,  for  which  no 
provision  was  made  by  Congress  in  the  appropriations  Jor  the  present  year,  empha- 
size the  necessity  of  securing  the  full  amount  estimated  under  thfe  headings  Improve- 
ments and  Buildings,  while  there  exists  exceptional  necessity  in  the  item  for 
maintenance,  which  is  essentially  for  the  food  and  care  of  living  animals. 

The  appropriations  made  by  the  act  of  March  3,  1891,  for  "maint-cnanc*"  dnring 
the  present  fiscal  year  (for  which  $35,000  was  asked),  was  $17,600,  but  the  sum  of 
$5,122.71  from  the  appropriation  of  April  30, 1890,  was  available  and  has  been  used 
for  this  purpose;  and  even  with  this  addition  it  has  been  necessary  to  ask  for  a  defi- 
ciency appropriation  of  $4,434,  chietiy  to  cover  expenditures  which  were  found  toli« 
absolutely  necessary  to  prevent  loss  to  the  Government. 

The  minimum  expenditures  for  the  present  year  under  this  item  will  thereforebe 
$22,622.71;  the  expenses  for  the  first  six  mouths  being  $14,269.73,  or  at  the  rat«  of 
$28,539.46  per  annum.  I  trust,  therefore,  that  it  is  made  sufficiently  clear  that  with 
an  appropriation  of  $17,500  it  will  be  impossible  to  properly  care  for  and  feed  the  an- 
imals now  on  hand. 

The  past  expenditures  would  have  been  still  larger  but  that  the  work  on  the  ac- 
counts for  the  Treasury  has  in  part  been  done  gratuitously  by  the  Institution,  which 
has  also  supplied  free  of  cost  office  rooms,  as  well  as  the  aid  and  supervision  of  un- 
paid naturalists.     This  can  not  be  reckoned  upon  for  the  future,  but  has  been  sanc- 
tioned by  the  Regents  as  a  means  to  meet  the  exigency  until  the  need  of  a  larger  np- 
Eropriation  can  be  represented  to  Congress,  and  in  the  meantime  the  working  force 
as  been  reduced  to  an  extreme  degree,  the  ]>ol  icing,  for  instance,  being  now  done  by 
one  watchman,  aided  by  two  employds  who  are  largely  engaged  with  other  dntie*; 
and  these  three  men  are  required  to  maintain  order  over  an  area  of  167  acrea,  visit^ 
during  each  day  by  thousands  of  people.     These  details  are  mentioned  in  connection 
with  the  fiict  that  (unless  some  small  ])urchases  of  animals  made  at  the  out'Set  l>^ 
excepted)  it  is  under  like  stringencies  of  economy  in  every  branch  of  the  admiiiiS' 
tration,  that  the  expenses  have  already  amounted,  as  shown  above,  to  more  thai* 
$14,000  in  six  months. 

I  can  not  too  emphatically  represent  the  peculiar  difficulties  that  must  arise  ix* 
administering  an  insufficient  appropriation  for  the  care  of  living  wild  animals,  un" 
able  to  care  for  themselves  where  tbey  are.  if  no  provision  has  been  made  by  Coo' 
gress  for  disposing  of  them  elsewhere. 

In  view  of  increased  expenses  since  the  estimates  were  prepared,  due  directly  t-O 
the  unexpectedly  great  popular  interest  manifested  in  the  parlc,  and  to  the  extraor' 
dinary  increase  of  visitors,  I  now  feel  compelled  either  to  increase  the  estimate  fof 
maintenance  to  $30,000,  to  cover  further  contingencies,  or  to  ask  that  the  total  ap" 
propriation  requested  for  the  park  be  made  in  such  form  as  to  allow  a  certain  discre^ 
tionary  power  to  meet  them.  If,  under  the  circumstances  stated,  the  latter  would,, 
in  your  judgment,  be  the  more  advisable  course,  I  would  respectfully  ask  that  you 
recommend  to  Congress  that  the  three  items  of  improvements  ($20,000),  building 
($27,000),  and  maintenance  ($26,000)  be  ai)propriated  in  one  sum  of  $73,000,  as  fol- 
lows: 

'^National  Zoological  Park,  Smithsonian  Institution:  Continuing  the  construction 

of  roads,  walks,  bridges,  water  supply,  sewerage,  and  drainage,  and  for  grading, 

plantiugj  and  otherwiae  improving  the  Krouu&,  Qrectixif^  oxid  x^^airing  buildings 
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and  in  closures  for  animals^  and  for  administrative  purposes,  care,  Hub8i8t4;ui'c,  and 
tnuisportation  of  animals,  and  for  tlie  purcbiute  or  exchange  of  specimens  not  other- 
tviiu^  obtainable,  including  salaries  or  compensation  of  alfnecessary  cmployt^s,  and 
jjeneral  incidental  expenses  not  otherwise  provided  for,  $73,000." 

t  I  have  the  honor  to  be,  very  respectfully,  yours, 

I  '    "  S.  P.  Langlky, 

I  Secretary, 

I       The  Secretary  of  thk  Trkasury. 

t  Waahingion,  J).  (\ 

The  Committee  ou  Appropriations  of  tlie  United  States  Senate  finally 
recommended  that  the  sum  allowed  by  t4ie  House  for  the  Park  be  raised 
to  $73,000,  and  that  the  amount  be  appropriated  in  one  item,  that  is  to 
say,  without  assigning  special  sums  to  special  subordinate  heads. 

In  the  conference  committee  upon  the  sundry  civil  bill  the  amount 
recommended  by  the  Senate  was  reduced  to  $50,000,  but  the  embarrass- 
ment of  special  subheads  of  appropriation  was  removed.  The  bill  was 
finally  passed*  in  the  following  terms. 

National  Zoological  Park :  For  continuing  the  construction  of  roads- 
walks,  bridges,  water  supply,  sewerage,  and  drainagej  and  tor  grading, 
planting,  and  otherwise  improving  the  grounds;  erecting  and  repair, 
ing buildings  and  inclosures  for  animals;  and  for  administrative  pur- 
poses, care,  subsistence,  and  transportation  of  animals,  including  sala- 
ries or  compensation  of  all  necessary  employes,  and  general  incidental 
expenses  not  otherwise  provided  for,  fifty  thousand  dollars,  one-half  of 
wbich  sum  shall  be  paid  from  the  revenues  of  the  District  of  Columbia 
and  the  other  half  from  the  Treasury  of  the  United  States;  and  a  re- 
port in  detail  of  the  expenses  on  account  of  the  National  Zoological 
Park  shall  be  made  to  Congress  at  the  beginning  of  each  regular  ses- 
sion. 

Wwk  already  done, — Notwithstanding  a  compulsory  waste  of  means 
cansed  by  the  fact  that  insufficient  appropriations  made  it  necessary 
to  do  certain  urgent  work  provisionally  and  imperfectly,  it  is  believed 
that  results  have  been  attained  at  a  smaller  expense  than  is  usual  in 
estabUshments  of  the  same  nature  elsewhere.  The  following  table 
shows  the  cost  of  the  principal  works  projected  up  to  June  30,  1892. 

In  elucidation  of  these  statements,  the  plans  and  drawings  of  a 
portion  of  the  work  given  (on  a  necessarily  small  scale  in  the  text)  may 
Preferred  to  (see  Plates  ii,  iii,  iv  and  v.) 

IMIMlOVEMENTS.t 

Ponds  (8tiU  incomplete) $1,945.00 

^*ar  yards  and  stone  retaining  wall  above  them  (Plate  II) 1,  501. 00 

^ater  supply 4,490.00 

•'^werage  and  drainage 2, 694. 45 

^a<ls  ami  walks. 13,995.00 

bridge  ovtr  Rock  Creek,  including  repairs 8, 186.  (K) 

Cultivating,  grading,  planting  etc 3, 350. 00 

'^rviccB  of  engineers  and  landscape  architect* 1, 088. 30 

'Owing  to  the  long  session  of  Congress  the  bill  did  not  become  a  law  until  August 
^  1892.  Although  the  scope  of  this  report  is  confined  to  the  fiscal  year  ending  Juno 
^y  1892,  it  seems  desirable  to  conclude  here  the  history  of  this  ses.sion's  operation. 

♦See Plate  I. 
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Pl^TE  I.— CoinTiil  riuii  of  the  National  Zoulof>;irnl  Park. 


A.  Entrance  to  offices  (Hult  Iiouhc)- 

]t.  Ontario  avunne  entrance. 

C.  Princiyial   temporary  entrance  at  Quarry 

road. 
1).  Klingle  road  entrance,  cotuuniuicatin^  with 

(Quarry  i-oad  by  hridle  patli  along  letl 

bank  of  creek.  * 

E.  Connecticut  avenue  entrance. 

F.  Entrance  for  foot  passengers  at  Woodley 

bridge. 
No.  1.  Bear  yards  in  abandoneil  quarry. 
2.  AnJmaJ  boase. 


No.  3.  Bird inclosure. 

4.  Inclosure  for  wolveti  an<l  foxoi*. 

r>.  Prairie-dog  town. 

C.  Propertj-  hotiHe. 

7.  Temporary  8he<l  ftu*  elephant h. 

H.  Buffalo  liduAe  and  paddm^k. 

9.  BcHtAurant. 

10.  (loat  paddock. 

11.  Deer  paddockn. 

12.  Ponds  for  aquatic  animalA. 

13.  OtHces  (Holt  house). 
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ItriUUNltS  AND    INCL()8lIltK8. 

nimal  lioii8e  (  See  Plates  III  and  IV  ),  including  oxtousion,  heating 

atus,  and  engine  for  running  the  same $1, 580. 00 

and  elk  house  (See  Plate  V) 3,537.00 

for  ruminants  and  for  small  inclosnres  ( including  small  shelters ) . .  2,  d57. 00 

ry  fence  for  Park 4,  355. 00 

nse  (  office  of  the  Park  ),  repairing  and  office  furniture 2, 000. 00 

ami  shed..: 2,600.00 

use,  shops,  and  sheds 1,  275. 00 

it  house  ( temporary  ) 1, 099. 00 

he  appendix  to  the  *' estimates"*  for  the  year  ending  June  30, 
m  page  299,  will  be  found  a  statement  of  the  original  estiinat^e 
B  Park,  made,  it  will  be  remembered,  with  the  expectation  that 
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f*IJiTK  IV.    Plfln  of  Prinripal  Aiiintal  HoiiRe,  National  Zooloj;ieal  Park. 


mnds  were  to  be  used  essentially  in  large  preserves  for  the  jjres- 
m  of  the  national  large  game. 


"Fifty-^Tst  Congreae,  2d  nesBiou ;  H.  R.  Ex.  Doc.  li^o.  5. 
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Tbe  area  <>c<;ui>ie<1  by  tlm  buiUliii^siiiHl  ii>i-l<mui'es  for  aiiimalitinl 
Park  is  not  fur  from  40  acres. 

Work  for  the  ncrt  Jineal  year. — Tli«  liiiiit^^d  amount  approptiaW 
Cougress  will  not  iwrmit  a  rapid  development  of  tbe  Park,  Keai 
$30,000  of  the  sum  allowc<l  will  be  required  for  tbe  feeding  aud  ii 
of  tbe  animals  and  the  maintenance  of  the  necessary  staff  of  eniploj 
Tlie  remainder  will  be  applied  to  carrying  out  the  plans  already ' 
vised;  tliat  is  to  say,  to  completing  the  strueturea  yet  uiifinislf 
making  secure  tbe  inclosureH  and  building  idditional  quarters  v\ 
necessarj  n  stre  gtl  e  gtl  ba  ks  ot  tl  eek  agi  nst  eroso 
CO  uplet  ng  the  jio  da  f  r  aquat  c  a  mal  n  e\tp  1  g  so  ewhat 
w  iter  supply  sewerage  d  Ira  ge  a  I  gr  d  nj,  n  1  dre-a 
the  roads  ir  d  slept 


Tliere  is  an  urgent  need  for  a  better  strnctui-e  for  the  elephants  t 
the  temi>orary  barn  which  was  hastily  erected  for  their  aceommoda 
and  which  tlicy  have  ever  since  occupied.  It  is  calculated  that  a  c 
plete  building  suitable  fur  the  accommodation  of  elephants  and  ot 
animals  of  the  same  general  habits  and  needs  would  cost  about  $I5,< 
Only  a  \M>rtion  of  this  unni  need  be  ai>propriatedforthe  present,  as 
bouse  coulil  be  built  upon  a  plan  that  admits  of  enlargement. 

Access  to  the  parli, — The  Rock  Creek  Railway  Company  intend,! 
understand,  to  carry  a  branch  of  their  road  directly  to  the  Onfe 
avenue  entrance  to  the  park  and  to  transfer  passengers  from  all 
city  street-car  lines  without  estra  charge.  In  that  case  there  \i 
doubt  that  the  number  of  visitors  will  be  greatly  increased.  The  wit 
log  and  improvement  of  Quarry  road  aud  tbe  extension  of  Kenei 
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aveuiie  to  the  park  lines  ou  tlie  eastward  will  also  teud  t-o  increase  the 
easeof  aecess  to  the  park. 

AdditimiH  to  the  collections, — Tlie  collection  is  now  added  to  only 
through  gifts  made  by  i)ublic-spirited  citizens  and  the  some  what  limited 
ac^iessions  derived  from  the  Yellowstone  Park.  As  before  mentioned, 
lack  of  ftinds  has  prevented  any  notable  in<!rease  from  these  sources. 
It  is  decreased  by  the  inevitable  deaths  which  the  experience  of  older 
zo()iogieal  gardens  shows  will  not  be  less  than  from  20  to  30  i)er  cent 
annually. 

Accessions  from  the  Yellowstone  Park  are  usually  limited  to  a  very 
narrow  range  of  specimens  and  can  not  be  depended  ou  for  producing 
a  reallv  valuable  and  characteristic  collection  of  the  North  American 
founa.  Under  the  terms  of  the  first  appropriation  act  it  was  allow- 
able to  procure  by  purchase  "  rare  specimens  not  otherwise  attainable." 
This  provision  was  nearly  ineffective  owing  to  the  inadequate  fund 
given,  and  it  was  omitted  from  the  act  passed  at  the  recent  session  ot 
Congress. 

The  total  number  of  animals  in  the  park  is  448  of  which  340  are  in- 
digenous to  North  America.  Fifty-five  of  the  animals  were  obtained 
by  purchase. 

NECROLOGY. 

MONTGOMERY   OUNNINCIHAM   MEIGS. 

Montgomery  Cunningham  Meigs  was  a  son  of  the  eminent  i)hysician 
and  medical  author,  Charles  D.  Meigs.  He  was  born  May  3,  1810,  in 
Augusta,  Ga.,  and  graduated  from  the  United  States  Military  Academy 
at  West  Point  in  1836.  He  was  assigned  first  to  the  artillery  service, 
and  subsequently  to  the  Corps  of  Engineers.  In  1852  he  was  directed 
to  make  a  survey  at  Washington,  D.  C,  with  the  view  of  determining 
tbe  he«t  plan  for  supplying  the  city  with  water.  The  plan  proposed 
^y  him  received  the  approval  of  the  War  Department  and  was  adopted 
hy  Congress,  General  Meigs,  then  a  captain  of  engineers,  being 
t'liarged  with  its  execution — a  task  that  occupied  his  attention  for  a 
Pcriodof  ten  years,  and  which  he  completed  with  signal  success.  During 
the  prosecution  of  this  important  work  ('apt.  Meigs  was  also  placed  in 
<5harge,  as  supervising  engineer,  of  the  north  and  south  extensions  of 
the  Capitol,  and  of  the  construction  of  its  crowning  iron  dome,  as  well 
'^  ot  the  northern  extension  of  the  General  Post-Office  Building. 

He  served  with  eminent  distinction  throughout  the  war  of  the  rc- 
'^<illioii,  reaching  the  rank  of  brigadier-general  in  charge  of  the  Quarter- 
'Haster's  Department.  The  place  sought  him  not  only  for  his  high  in- 
tegrity and  acknowledged  capacity  for  business,  but  on  account  of  the 
strength  of  his  personal  character.  In  18()4  he  receiv^cd  the  well  earned 
title  of  brevet  major  general  in  the  Aimy. 
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With  tlie  close  of  the  war  ends  the  most  active  i>eriod  of  his  Ufe, 
and  begins  the  gentle  course  of  an  honored  old  age,  devot-ed  among 
other  occupations  to  the  advancement  of  the  best  interests  of  this  In- 
stitution. He  was  a  member  of  the  National  Acadomv  of  Sciences  and 
one  of  the  founders  of  the  Philosophical  Society  of  Washington.  He 
was  api)ointed  by  a  joint  resolution  of  Congress  in  1885  a  Regent  of  the 
Smithsonian  Institution,  and  from  his  entrance  int«  the  Board  became 
an  active  member  of  its  executive  committee,  which  positions  he  filled 
until  his  death,  which  occurred  at  his  residence  in  this  city  on  the  2d 
of  January,  1892. 

Of  Gen.  Meigs  as  a  man  alike  in  external  or  in  moral  aspects,  one 
can  only  speak  in  terms  of  respect.  Personally,  he  will  be  remem- 
bered by  all,  even  until  his  very  last  days,  as  erect  in  carriage,  with  a 
soldierly  bearing  which  did  not  recognize  the  lapse  of  years,  and  a 
manner  both  dignified  and  engaging.  In  character  he  was  not  only 
conscientious  and  sagacious,  but  firm  at  a  time  when  firmness  tried 
every  quality  of  a  man.  What  more  can  be  added  when  we  have  said 
that  he  was  a  man  faithful  in  all  things,  who  has  left  behind  him  a  repu- 
tation both  high  and  enduring? 

NOAH   PORTER. 

Noah  Porter  was  born  in  Farmington,  Conn.,  December  14, 1811,  and 
graduated  at  Yale  College  in  1831.    During  a  tutorship  in  Yale  in  1833- 
1835,  he  devoted  himself  to  the  study  of  theology.    He  was  apx>ointed  pro- 
fessor of  moral  philosophy  and  metaphysics  at  Yale  in  1846.     In  1871 
he  was  called  to  the  presidency  of  Yale,  which  post  he  resigned  in  1886. 
During  President  Porter's  administration  the  progress  of  the  college 
was  marked.    As  a  teacher,  and  in  his  personal  relations  with  the 
students,  he  was  one  of  its  most  popular  presidents.    He  received  tbe 
degree  of  D.  D.  from  the  University  of  the  city  of  New  York  in  1858, 
and  that  of  LL.  D.  from  Edinbiu'gh  in  1886.    His  writings  cover  a  wide 
range  of  subjects,  but  are  mainly  philosophical.    He  was  one  of  tbe 
most  scholarly  metaphysicians  this  country  has  produced.     His  con- 
nection with  the   Smithsonian  Institution   began  January  26,  1878, 
when  he  was  elected  to  the  Board  of  Eegents  by  a  joint  resolution  of 
Congress,  as  a  citizen  of  Connecticut,  and  this  connection  terminated 
with  his  resignation  December  31,  1889,  on  account  of  failing  health. 

His  death  occurred  on  March  4, 1892,  in  the  eightieth  year  of  his  ag^* 
President  D wight  said  of  him  in  an  address  delivered  at  his  funera^l* 

He  was  strong  in  the  native  force  of  his  mind,  quick  in  his  ment-^* 
jiction,  keen  in  his  insight,  firm  in  his  grasp  of  truth,  rich  in  his  thiu^^' 
ing,  but  most  of  all,  wide  in  his  retich.  His  eye  kindled  with  enthuB}' 
asm  as  he  saw  the  first  opening  of  new  ideas.  His  face  beamed  wit'** 
joy  as  he  gained  new  measures  of  knowledge.  The  field  of  truth  w^ 
full  of  attractiveness  for  him,  and  he  was  glad  to  enter  it  by  any  pati*' 
way.    He  has  been  in  the  brotherhood  of  scholars  a  man  of  mark  and  ^^ 
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iufliieiice.  He  has  commanded  respect  for  his  learning.  He  has  com- 
mended lesirning  by  hispwn  i)Ossession  of  it.  He  has  stimulated  those 
nearest  to  him  by  his  many  thoughts,  by  his  wide  interest  in  many 
departments  of  knowledge,  and  by  his  free  and  liberal  spirit.  He  has 
kept  an  open  mind  for  truth  and  an  open  heart  for  his  friends.  He  has 
stood  among  us  as  one  of  the  ablest  men  in  intellectual  i>ower  whom  we 
have  known  in  these  past  years. 


Respectfully  submitted. 


S.  P.  Langley, 
Secretary  of  the  (Smitlisonian  Institution, 
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PORT  OF  THE  DIRECTOR  OF  THE  BUREAU  OF  ETHNOLOGY  FOR  THE 

YEAR  ENDING  JUNE  30,  1892. 

>IR:  Etkuologic  ro^earches  among  the  North  Americau  ludiaiin  were  continued 
l(^r  the  Secretary  of  the  Smithsonian  Institution,  in  compliance  with  acts  of  Con- 
g's, (luring  the  year  1891-'92. 

^  report  upon  the  work  of  the  year  is  most  conveniently  presented  under  two 
leral  heads,  viz,  field  work  and  office  work. 

7JKLD   WOKK. 

"be  field  work  of  the  year  is  divided  into  (1)  archieology  and  (2)  general  field 
dies,  the  latter  being  directed  chiefly  to  religion,  technology,  and  linguistics. 
^fchcBological  field  work, — The  explorations  of  the  Bureau  for  the  last  fiscal  year 
^continued  under  the  personal  supervision  of  Mr.  W.  H.  Holmes,  with  Messrs. 
mioH  Mindeleff,  Gerard  Fowke,  and  William  Dinwiddle  as  assistants. 
he  work  begun  in  the  tide-water  regions  of  Maryland  and  Virginia  in  the  spring 
1891  was  continued  throughout  the  present  year.  Careful  attention  was  given 
'be  examination  and  mapping  of  the  shell  deposits  of  the  Lower  Potomac  and  the 
isapeake,  and  many  of  the  historic  village  sites  visited  by  John  Smith  and  his 
ociates  were  identified  and  examined.  The  remains  upon  these  sites  are  identical 
h  those  of  the  many  other  village  sites  of  the  region.  Mr.  Holmes  studied  the 
hieology  of  South,  West,  and  Rhode  rivers  and  of  the  shores  of  the  bay  above  and 
Dw  Annapolis.  The  middle  Patuxent  was  visited  and  the  site  of  the  ancient  vil- 
e  of  Mattpament  identified  and  examined.  The  valley  of  the  Rappahannock  in 
vicinity  of  Fredericksburg  and  a  number  of  the  other  western  tributaries  of  the 
omac  received  attention.  Ancient  soapstone  quarries,  one  in  Fairfax  County, 
I  three  in  Montgomery  County,  Md.,  and  one  in  Howard  County,  Md.,  were 
liied,  and  collections  of  the  quarry  rejeccs  and  implements  used  in  quarrying  and 
ting  the  stoue  were  obtained. 

0  July  Mr.  Holmes  made  a  trip  to  Ohio  to  assist  in  the  resurvey  of  several  geo- 
!ric  earthworks  at  Newark  and  near  Chillicothe.  A  visit  was  made  to  the  great 
t  quarries  in  Licking  County,  between  Newark  and  Zanesville.  This  well-known 
^  is  one  of  the  most  extraordinary  pieces  of  aboriginal  work  in  the  country, 
i  the  evidence  of  pitting  and  trenching  and  of  the  removal  and  working  up  of 
at  bodies  of  the  flint  are  visible  on  all  sides,  the  work  having  extended  over  many 
Are  miles.  Numerous  hammer  stones  and  large  bodies  of  the  refuse  of  manufac- 
e  are  seen.  The  chief  product  of  the  work  upon  the  pite  here  as  elsewhere  was  a 
Q  blade,  the  blank  from  which  various  implements  were  to  be  specialized.  The 
intless  handsomely  shaped  and  tinted  arrow  and  spear  points  and  knives  scat- 
^  over  Ohio  and  the  neighboring  States  are  derived  chiefly  from  this  site. 

4d 
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When  the  work  of  re-8urveyiiig  the  earthworks  at  Newark  and  Chillicotlie  was 
finished,  Mr.  Holmes  made  a  journey  into  Indian  Territory  to  examine  an  ancient 
quarry  formerly  supposed  to  be  a  Spanish  silver  mine.  It  was  reported  by  Mr.  Wal 
ter  P.  Jenney,  of  the  Geolo|;ical  Survey,  that  this  was  really  an  Indian  flint  quarry 
and  the  ^isit  of  Mr.  Holmes  confirmed  this  conclusion.  Seven  miles  northwest  o 
Seneca,  Mo.,  and  2  or  3  miles  west  of  the  Indian  Territory  line  there  are  immi'i 
ous  outcrops  of  massive  whitish  Chert,  and  in  places  this  rock  has  been  extec 
sively  worked  for  the  purpose  of  securing  flakable  material  for  the  manufacttire  c 
implements.  The  pits  and  trenches  cover  an  area  of  about  10  acres.  They  ai 
neither  as  deep  nor  as  numerous  as  the  Flint  Ridge  quarries.  The  product  of  th^ 
quarry  was  also  the  leaf-shaped  blades  of  the  usual  type,  the  size  being  greater  tha 
in  the  other  similar  qnarrievs  of  the  country  as  a  r<*8ult  of  the  massive  unflawe 
character  of  the  stone. 

In  May  Mr.  Holmes  visited  and  examined  a  number  of  extensive  quarries  of  nova* 
ulite  in  Arkansas,  one  of  which  had  been  visited  during  the  preWous  year.  A  gres 
quarry  situated  upon  the  summit  of  a  loug  mountainous  ridge  at  the  head  of  Cov 
Creek  is  the  most  extensive  yet  discovered  in  this  country.  The  ancient  exeavatior 
extend  along  the  crest  of  the  ridge  for  several  miles.  The  largest  pits  are  still  2 
feet  deep  and  upwards  of  100  feet  in  diameter.  The  product  of  this  quarry  wai«iile 
leaf-shaped  blades  of  the  type  obtained  from  the  other  quarries,  and  closely  anali 
gons  in  size,  shape,  and  appearance  to  those  of  Flint  Ridge,  Ohio.  Mr.  Holmes  uci 
passed  north  into  Stone  County,  Mo.,  to  visit  a  very  large  cave  situated  abor 
20  miles  southeast  of  Helena,  the  county  seat.  Neither  huuian  remains  nor  vfoile 
of  native  art  were  found  within  the  cave.  The  manufacture  of  chert  impleracn' 
had  been  carried  on  extensively  in  the  surrounding  region.  From  Stone  County  I 
went  to  southwest  Minnesota,  and  spent  t-en  days  in  the  study  of  the  red  jiijieston 
quarry  so  famous  in  the  history  of  the  Coteau  des  Prairies.  Evidence  of  the  pr" 
historic  operation  of  this  quarry  was  found  in  the  series  of  ancient  pits  extendin 
across  the  prairie  for  nearly  a  mile  in  a  narrow  belt  and  following  the  outcrop « 
the  thin  layer  of  pipestone. 

The  ancient  copper  mines  of  Isle  Royale,  Lake  Superior,  were  next  visited  »c 
mapped,  and  extensive  collections  of  stone  hammers  were  obtained  from  the  vei 
numerous  pits  and  trenches. 

Mr.  Holmes  then  went  west  to  Little  Falls,  Minn.,  to  examine  the  lo*>ality  fr<» 
which  certain  flaked  ([uartz  objects,  supposed  to  lie  of  paleolithic  age  had  bee 
obtained.  It  was  foimd  that  these  bits  of  qnartz  were  the  refuse  of  the  manufacta:! 
of  blades  of  quartz  by  the  aborigines  and  at  a  period  not  necessarily  more  renioi 
than  the  period  of  quarry  working  already  described. 

Mr.  Cosmos  MindelefF,  early  in  July,  1891,  closed  the  field  work  on  the  Rio  Veri* 
in  Arizona,  an  account  of  which  was  given  in  the  last  annual  report,  and  returned "i 
Washington,  after  which  time  he  was  engaged  for  the  remainder  of  the  fiscal  yean 
office  work. 

Mr.  Gerard  Fowke  completed  the  exploration  of  the  .James  River  and  its  norther 
tributaries,  making  interesting  discoveries  in  Kotetourt,  Bath,  Alleghany,  and  Higl 
land  counties.  He  then  began  an  examination  of  the  prehistoric  remains  of  th 
Shenandoah  Valley,  remaining  in  the  field  until  December.  Later  he  examined  th 
islands  and  coast  between  the  Savannah  and  St.  Johns  rivers,  locating  moimdsan' 
shell  heaps.  In  the  spring  he  resumed  work  in  the  Shenandoah  Valley,  making 
careful  and  thorough  investigation  of  every  county.  The  results  show  that  this^ 
gion  was  not  the  seat  of  any  permanent  occupation  by  the  aborigines,  thonghi 
seems  to  have  been  a  place  of  resort  for  hunters  in  large  numbers. 

Mr.  William  Dinwiddie  was  engaged  during  the  year  in  mapping  and  examiW 
the  shell  banks  and  other  aboriginal  remains  of  the  Potomac-Chesapeake  region. 

As  Prof.  Cyrus  Thomas  wa^  engage<l  most  of  IiIn  time  during  the  year  in  necessar 
office  work,  his  field  work  was  limited.     Finding  it  desirable  that  more  accurst 
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information  in  reference  to  certain  ancient  works  in  Variderburg  County,  Ind., 
should  lie  obtained,  he  engaged  Mr.  *F.  W.  Wright  to  make  a  careful  survey  and 
meaHiirenient  of  them.  Aa  the  result  showed  that  they  were  of  unusual  importance 
ou  account  of  their  peculiar  charact^jr  as  compared  with  other  ancient  works  of  the 
Sjinie  8ection,  Prof.  Thomas  thought  it  necessary  to  make  a  personal  examination  of 
tht;m,  aud  did  so.  During  the  same  trip  he  examined  certain  important  mounds  in 
IlUiiois,  umong  which  was  the  noted  "Cahokia"  or  ''Monk's  Mound,"  of  Madison 
County.  His  object  in  this  case  was  to  ascertain  the  present  condition  of  this  re- 
markable monument,  and  to  investigate  certain  other  points  in  relation  to  which 
satisfactory  conclusions  could  be  reached  only  by  personal  insx)ection. 

He  also  made  during  the  summer  another  examination  of  the  Newark  works  and 
Fort  Ancient,  in  Ohio,  in  order  to  settle  some  points  which  previous  reports  had 
overlooked.  At  his  siiggestiou  the  director  had  a  resurvey  made,  under  Mr.  Gannett's 
direction,  of  the  four  most  noted  circles  of  the  Ohio  works,  the  plane  table  being 
UHwl  to  show  their  exact  form  as  they  at  present  appear. 

Mr.  F.  H.  Cushing,  during  the  summer  and  autumn  months  of  1891,  made  some  ex- 
amination-s  on  the  shores  of  Lake  Erie,  near  Buffalo,  and  of  Lake  Ontario  in  Orleans 
County,  N.  Y.,  where  he  discovered  pottery  of  the  well-known  net-impressed  lacust- 
rine or  littoral  type,  and  also,  at  the  former  point,  some  pits  or  slightly  indurated 
cavities  in  the  sand,  which  he  considered  to  be  connected  with  the  manufacture  of 
that  lottery.  By  experiments  made  without  the  aid  of  modern  appliances  of  any 
kind  he  duplicated  the  ancient  specimens  found  in  the  vicinity  and  showed  that 
these  pits,  lined  with  ordinary  fishing  nets,  had  actually  been  used  simply  and 
effectively  for  shaping  pottery.  He  has  prepared  an  illustrated  report  giving  the 
details  on  the  subject. 

(ieneral  field  studies. — In  August,  1891,  Mrs.  Matilda  C.  Stevenson  resumed  her  in- 
vestij^atious  into  the  mythology,  religion,  and  sociology  of  the  Zuni  Indians,  mak- 
ing careful  study  of  the  shrine  worship,  which  constitutes  such  an  important  feature 
in  the  religion  of  those  people.  She  added  to  the  already  valuable  collection  of 
photographs  and  sketches  of  their  sanctuaries,  made  in  previous  years  by  Mr.  James 
Stevenson,  and  by  the  aid  of  the  war  priest  of  Zufli,  secured  from  the  tribe  some 
interesting  objects. 

^^Qgh  the  influence  of  the  war  priest,  the  priest  of  the  K^-kd  and  theurgists  of 
the  "mwlicine  societies,"  Mrs.  Stevenson  was  able  to  be  present  at  Zufii  cere- 
mouials  almost  continuously  from  the  time  of  her  arrivalto  her  departure  in  March. 

t^.  W.  J.  Hoffman  proceeded  early  in  August  to  the  Menomonee  Reservation,  Wis- 
consin, in  response  to  an  invitation  from  the  Mitawok  or  chiefs  of  the  Mitawit  (or 
'Grand  Medicine  Society  ")  of  the  Menomonee  Indians,  to  observe  the  ritualistic  cere- 
nionies  and  order  of  initiation  of  a  new  candidate  for  membership,  for  comparison 
'^ith  Kimilar  ceremonials  of  other  Algonquian  tribes.  In  addition  to  the  mythologic 
"material  collected  at  this  attendance,  he  also  secured  much  valuable  information  re- 
lating to  the  primitive  customs  and  usages  of  the  Menomonee  for  use  in  the  prepara- 
tion of  a  monograph  upon  that  people.  Specimens  of  their  workmanship  were  also 
collected. 

As  he  had  been  appointed  a  special  agent  for  making  ethnologic  collections  for  the 
exhibit  to  be  made  by  the  Bureau  of  PUhnology  at  the  World's  Columbian  Exposi- 
tion, he  secured  a  collection  of  Menomonee  material,  as  well  as  a  number  of  desired 
^Mect<j  at  White  Karth  Reservation,  Minnesota.  In  May,  1892,  ho  visited  the  Crow 
Agency,  Mont.,  to  procure  a  collection  of  articles  to  illustrate  the  industries  and 
Workmanship  of  the  Crow  Indians.  It  was  specially  desirable  to  obtain  some  of  the 
elaborate  clothing  for  which  the  tribe  is  remarkable.  A  unique  series  of  articles  was 
obtamed,  after  which  a  visit  was  made  to  the  isolated  bandof  Ojibwa  at  Leech  Lake, 
^inu,  to  collect  various  specimens  desired  to  complete  the  collection  illustrating 
^ily  Ojibwa  history. 
On  his  return,  Dr.  Hotfmau  again  stopped  at  the  Menomonee  Reservation  to  make 
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final  collections  of  ethnologic  material  and  to  complete  his  stadies  of  the  ritual  and 
initiatory  ceremonies  of  the  Grand  Medicine  Society,  a  meeting  of  which  lM)dy  had 
been  called  for  this  special  purpose.     He  returned  to  Washington  in  June,  WStl. 

Mr.  James  Mooney,  during  the  field  months  of  the  fiscal  year,  continued  the  col- 
lection for  an  exhibit  at  the  World's  Columbian  Exposition,  of  objects  to  illofltrate 
the  daily  life,  arts,  dress,  and  ceremonies  of  the  Kiowa  in  the  southeastern  part  of  the 
Indian  Territory.  That  tribe  was  selected  as  continuing  in  its  primitive  condition 
more  perfectly  than  any  other  which  could  be  examined  with  profit.  He  succeeded 
in  making  a  tnbal  collection  which  is  practically  complete,  including  almost  every 
article  in  use  among  the  Kiowas  for  domestic  uses,  and  for  war,  ceremony,  amuse- 
ment, or  dress.  A  number  of  ilhistrating  photographs  were  also  obtained.  On  his 
return  in  August  this  collection  was  labeled  and  arranged  in  cases  ready  for  trans- 
portation to  Chicago  on  the  opening  of  the  Exposition,  and  by  means  of  the  photo- 
graphs and  costumes  obtained  several  groups  of  life-size  figure?  were  prepared  to 
show  characteristic  scenes  in  Indian  life. 

In  November  he  again  set  forth  to  obtain  additional  information  ax>on  the  ghost 
dance,  especially  among  the  principal  tribes  not  before  visited.  After  a  short  stay 
in  Nebraska  with  the  Omahas  and  Winnebagoes,  neither  of  whom,  as  it  was  fonnd, 
had  taken  any  prominent  part  in  the  dance,  he  went  to  the  Sioux  at  Pine  Ridge 
Agency,  S.  Dak.,  the  chief  seat  of  the  late  outbreak,  where  he  collected  a  large 
number  of  songs  of  the  dance  and  much  miscellaneous  information  on  the  sub- 
ject. From  there  he  went  to  the  Piutes  in  Nevada,  among  whom  the  Messiah  and 
originator  of  the  ghost  dance  resides.  Here  he  obtained  the  statement  of  the  doc- 
trine from  the  lips  of  the  Messiah  himself,  took  his  portrait,  the  only  one  ever  taken, 
and  obtained  a  number  of  dance  songs  in  the  Piute  language.  He  then  returned  to 
the  Cheyennes  and  Arapahoes  in  the  Indian  Territory,  among  whom  he  had  begun 
the  study  of  the  dance,  and  obtained  from  them  the  original  letter  which  the  Mes- 
siah had  given  them,  containing  the  authentic  statement  of  his  doctrine  and  the 
manner  in  which  they  were  to  observe  the  ceremonial.  He  returned  to  Washington 
in  February. 

In  May  he  again  started  out  to  gather  additional  ethnologic  material,  especially 

with  regard  to  the  Kiowas,  and  to  obtain  further  collections  for  the  World's  Co- 

umbian  Exposition.    Going  first  to  the  Sioux,  he  proceeded  next  to  the  Shoshones 

and  Northern  Arapahoes,  in  Wyoming,  and  then  turned  south  to  the  Kiowas,  in  the 

Indian  Territory,  where  he  was  still  at  work  at  the  close  of  the  fiscal  year. 

Mr.  H.  W.  Henshaw,  on  May  14,  1892,  proceeded  to  New  Mexico  and  Caiifomi* 
for  the  purpose  of  pursuing  certain  linguistic  investigations  and  to  make  collections 
for  the  World's  Columbian  Exposition.  This  duty  was  continued  until  the  close  of 
the  fiscal  year. 

Rev.  J.  Owen  Dorsey,  from  January  14  to  February  21, 1892,  made  a  trip  to  be- 
compte,  Rapides  Parish,  La.,  for  the  purpose  of  gaining  information  from  the  sur- 
vivors of  the  Biloxi  tribe.  He  found  only  one  person,  an  aged  woman,  who  spoke 
the  language  in  its  purity,  and  two  others,  a  man  and  his  wife  (the  latter  t^^ 
daughter  of  the  old  woman),  whoso  dialect  contains  numerous  modifications  of  the 
ancient  language.  From  these  three  persons  he  obtained  several  myths  and  other 
texts  in  the  Biloxi  language,  material  for  a  Biloxi-English  dictionary,  local  naiues, 
personal  names,  names  of  clans,  kinship  terms,  lists  of  flora  and  fauna,  with  their 
Biloxi  names,  and  grammatical  notes.  He  filled  many  of  the  schedules  of  a  copy  of 
the  second  edition  of  "  Powell's  Introduction  to  the  Study  of  Indian  Languages 
(Englifih-Biloxi  in  this  instance).  He  brought  to  Washington  a  few  botanical  speci- 
mens, for  which  he  had  gained  the  Biloxi  naniefi,  in  order  to  obtain  their  scientific 
names  from  the  botanists  of  the  Smithsonian  Institution.  He  photographed  three 
Biloxi  men  and  two  women,  all  that  could  be  found.  There  were  about  seven  other 
Biloxi  residing  in  the  pine  forest  6  or  7  miles  from  Lecompte,  but  they  would  not 
be  interviewed.    The  Biloxi  language  contains  many  words  which  resemble  their 


REPORT   OF   THE    SECRETARY.  53 

tivalents  in  uther  Sioiian  lauguages,  »ouie  boiug  identical  iu  souuil  with  the  cor- 
[londing  words  in  Dakota,  Winnebago,  etc.  The  Biloxi  has  nioro  classifiers  than 
found  in  the  other  languages  of  this  family,  and  while  it  uses  adverbs  and  con- 
ictions,  it  often  expresses  a  succession  of  actions  by  mere  juxtaposition  of  two, 
"ee,  or  more  verbs.  In  the  paucity  of  model  prefixes  it  may  be  compared  with 
)  Hidatsa  and  Tutelo,  and  in  the  use  of  d**''  and  t*''  it  may  l»o  classed  with  the 
rapa  and  Hidatsii.  The  information  now  gained  permits  a  tabular  comparison  of 
J  Biloxi  with  the  Hidatsa,  AVinnebago,  Catawba,  and  Tut^Io,  those  five  being  re- 
rded  as  the  archaic  languages  of  the  Siouan  family. 

^Ir.  Albert  S.  Gatschet,  having  met  with  little  success  in  his  previous  attempt,  in 
J4,  to  study  the  Wichitiv  language  in  the  field,  continued  to  watch  for  bett^'T  oppor- 
nitiej*.  In  1892  he  met  twelve  young  men  of  that  tribe  in  the  Educational  Home 
ranch  of  the  Lincoln  Institute)  at  Philadelphia,  and  selected  four  of  the  brightest 
their  number,  who  seemed  to  be  the  most  promising  through  t  heir  advanced  knowl- 
ge  of  English.  With  their  help  he  gathered  about  three  thousand  terms  of  Wich- 
k,  which  is  a  Caddoan  dialect,  also  a  large  number  of  paradigms,  sent4^nces,  and  a 
i^  mythological  texts.  A  thorough  interchangeability  of  the  consonants  makes  the 
idy  peculiarly  difficult. 

Maria  Antonia,  a  young  Costa  Rica  woman  residing  in  Philailelphia,  was  questioned 
ncerning  what  she  remembere<l  of  her  native  tongue,  the  Guatuso.  About  one 
mdred  and  twenty  vocables  were  recorded  as  the  result  of  the  inquiry.  Mr. 
itschet's  field  work  extended  from  the  beginning  of  Mar^.h  to  the  beginning  of 
ine,  1892. 

(»FFICK    WORK. 

The  Director  took  special  pains  in  the  revision  and  correction  of  his  work  on  the 
Indian  Linguistic  Families  of  America  north  of  Mexico,"  as  it  passed  through  the 
6<w.  The  scope  and  importance  of  this  linguistic  classification  has  before  been 
plained,  and  the  paper  forms  part  of  the  Seventh  Annual  Report  of  the  Bureau, 
w  issned. 

Col.  Garrick  Mallery,  U.  S.  Army,  was  chiefly  occupied  in  writing  in  final  form, 
'  publication  iu  the  Tenth  Annual  Report  of  the  Bureau,  a  comprehensive  paper 
the  **  Picture  Writing  of  the  American  Indians,"  which  presents  the  result  of 
'eral  years  of  personal  exploration  and  study  of  all  accessible  material  on  that 
'^j^t.  At  the  close  of  the  year,  the  manuscript  and  the  drawings  for  the  large 
•nher  of  net^essary  illustrations  had  been  transmitted  through  the  Secretary  of 
'  Smithsonian  Institution  to  the  Public  Printer.  Col.  Mallery  was  also,  during 
'  greater  part  of  the  year,  charged  with  administrative  duties  and  with  the  exe- 
tion  of  a  variety  of  8i>ecial  works  under  the  instructions  of  the  Director. 
^r.H.  W.  Henshaw,  in  addition  to  his  usual  administrative  duties,  when  not  iu  the 
das  before  mentioned,  was  employed  in  preparing  the  exhibit  of  the  Bureau  for 
'  World's  Columbiiin  Exposition  at  Chicago  and  also  in  the  preparation  of  the 
theeming  volume  on  "Tribal  Synonymy,"  the  purjiort  and  utility  of  which  have 
*n  explained  in  former  reports.  In  this  work  Mr.  Henshaw  has  had  the  assistance 
Mr.  F.  Webb  Hodge,  who  has  devoted  special  attention  to  the  Pinian.  Yuman,  and 
'  several  Puebl<»  linguistic  stocks. 

'he  office  work  of  Mr.  W.  H.  Holmes  consisted  in  tbe  completion  of  papers  ui)on 
•  pottery  and  shellwork  of  the  aborigines  of  the  United  States.  A  third  i»aper 
>}  MTi'itten  upon  the  textile  fabrics  obtained  from  the  mound  region,  and  a  fourth 
)n  the  stone  implements  of  the  tide-watt^r  country.  A  fifth  paper  upon  the  tjen- 
1  archteology  of  the  region  was  commenced. 

Lt  the  commencement  of  the  official  year  Prof.  Cyrus  Thomas  was  engaged  in  ex- 
ining  and  correcting  the  proof  of  his  'H^atalogue  of  Prehistoric  Works  East  of 
!  Rocky  Mountains,"  whicb  was  published  in  the  latter  part  of  1891,  as  a  Bulletin 
the  Bureau.  This  examination  involved  in  many  c-ases  the  necessity  of  a  refer- 
ee to  the  authorities  ij noted. 
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Much  of  his  time  during  the  year  was  employed  iu  writing  tho  ftniil  }>agr>8of  the 
report,  on  the  iield  work  and  explorations  which  for  K«'V«*ral  years  had  lw^eIl  in  his 
charge,  and  in  adapting  it  to  a  change  in  the  form  and  manner  of  it^  pnbliration 
which  had  been  made  necessary.  This  involved  the  re-writing  of  many  pages  and 
a  material  condensation  of  the  intro<luctory  portion  relating  to  the  distribiitioo  of 
tyjies  of  mounds.  It  was  conix»leted  by  the  close  of  the  tiscal  year  and  filed  fiir]Mil»- 
lication,  nearly  all  the  illustrations  having  been  drawn  and  jirejiared  for  cnjfrav- 
ing. 

He  devoted  all  his  spare  time  to  the  study  of  the  Maya  Codices  and  in  the  prepa- 
ration of  a  report  of  the  discoveries  he  made  therein.  One  of  these,  which  is  deemed 
of  much  interest  and  importance,  is  that,  Avhen  the  Dresden  Codex,  which  is  coimd- 
ered  the  most  ancient  of  those  known,  wjis  written,  the  year  consisted  of  365  days, 
and  that  the  calendar  was  arranged  precisely  as  it  was  found  to  bo  by  the  Spanish 
conquerors.  But  his  most  important  discovery  was  made  during  the  closing  days 
of  the  year.  This  consisted  in  what  may  be  termed  the  discovery  of  the  key  to  the 
signification  of  the  hieroglyphic  characters  of  the  Codices  by  which  It  is  prohablo 
that  the  inscriptions  may  ultimately  be  read.  This  discovery,  which  the  tests  so 
far  applied  appear  to  confirm,  consists,  first,  in  the  evidence  that  the  characterj*  as  a 
rule  are  phonetic  and,  second,  in  ascertaining  the  signification  of  a  sufficient  nninber 
to  form  a  basis  for  the  interpretation  of  the  rest.  If  this  discover^'  proves  to  be 
what,  from  the  evidence  presented,  it  appears  to  be,  it  will  be  of  incalculable  im- 
portance to  American  archaeology. 

Early  in  the  year  the  work  of  Mr.  Cosmos  Mindelcft'  commenced  iu  repairing  and 
securing  the  preservation  of  the  Casa  Grande  ruin.  This  work  was  ordered  by  a<'t 
of  Congress  and  plans  had  been  prepared  by  Mr.  MindelefF  while  in  Arizona  during 
the  previous  year.  These  plans  provided  for  the  excavation  of  the  interior  of  the  ruin, 
the  underjiinning  of  the  walls  with  brick  and  cement,  the  use  of  tie-beams  to  hold 
the  walls  in  place  and  render  them  more  solid,  the  restoration  of  the  lintels  over  door 
and  window  openings,  and  the  filling  of  the  cavities  above  the  lintels  w^itli  brick 
and  cement.  The  work  was  completed  in  November  and  was  inspected  and  ac- 
cepted. Although  all  that  was  deemed  necessary  to  preserve  the  ruin  could  not  be 
done  with  the  appropriation  provided,  still  it  is  believed  that  enough  was  done  to 
preserve  it  in  its  present  condition  for  many  years.  All  the  work  done  was  direct«l 
to  the  preservation  of  the  ruin,  no  attempt  at  restoration  being  made.  In  June, 
1892,  the  President,  in  accordance  with  the  authority  vested  in  him  by  Congress, 
reserved  from  settlement  twelve  quarter  sections  about  the  ruin,  comprising  an  ar*?* 
of  about  480  acres.  A  number  of  specimens  obtained  during  the  excavation  were 
shipped  to  Washington  and  deposited  in  the  National  Museum. 

During  a  part  of  the  year  Mr.  Mindelefli'  was  engaged  in  the  preparation  of  a 
report  upon  his  field  work  of  the  previous  year.  This  report,  entitled  **AborigiD*^ 
Remains  in  the  A^alley  of  the  Rio  Verde,  Arizona,"  was  completed  and  will  appe^tfi" 
the  Twelfth  Annual  Report  of  the  Bureau.  Aside  from  a  comprehensive  treatment  of 
the  ruins  in  the  valley  of  the  Verde  the  report  will  contain  the  first  illustrations 
published  of  ancient  irrigating  ditches,  and  the  first  comprehensive  data,  including 
illustrations  of  ciivate  lodges.  It  is  fully  illustrated  from  iihotographs,  plans.  »n*^ 
surveys  made  by  the  author.  Subsequently  he  commenced  a  scientific  report  on 
the  Casa  Grande  ruin  of  Arizona. 

No  new  work  was  undertaken  in  the  modelling  room  during  the  year,  as  the  entire 
force  was  occupied  upon  the  preparation  of  duplicates  of  models  previously  made. 

for  use  at  the  World's  Columbian  Exposition  and  elsewhere.  Six  models,  in  addi- 
tion to  other  material,  were  sent  to  Spain,  to  be  exhibited  at  the  historical  exposi- 
tion at  Madrid.  The  series  comprised  models  of  the  Pueblo  of  Zuui,  New  Mexico, 
the  Pueblo  of  Walpi,  Arizona,  Mummy  Cave  ditf  ruin,  Arizona,  all  of  large  size,  and 
three  smaller  models  of  ruins. 
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An  imleliiiite  leave  of  almence  without  pay  was  granted  to  Mr.  Frank  H.  CuBhing 
ttDccemUer,  1886,  in  order  that  ho  might  organize  and  conduct  tho  important  ex- 
ilorations  in  southern  Arizona  and  the  Zuui  country  of  the  Southwestern  Archieo- 
ogical  Expedition  established  by  Mrs.  Mary  Hemenway,  of  Boston.  His  successful 
hlfiUment  of  this  work  was  suddenly  interrupted  in  the  winter  of  1889  by  a  severe 
mil  prostrating  illness,  which  disabled  him  until  the  summer  of  1891.  He 
,Tas  therefore  unable  to  resume  promised  work  on  his  older  Zuni  material  for  the 
linrean  until  August,  1891,  when  he  began  the  preparation  of  a  contribution  in- 
ended  to  appear  in  the  Twelfth  Annual  Report  of  the  Bureau,  on  the  Zufii  myths  of 
creation  and  migration  as  related  to  the  mythic  drama-dance  organization,  or  Kdkd 
)ftheZufiis,  and  the  so-called  Cachina  ceremonials  of  all  Pueblo  and  other  south- 
western tribes.  Mr.  Cushing's  discoveries  as  set  forth  in  this  essay  confirm  and 
inhstantiate  the  opinion  held  by  the  Director  that  all  primitive  so-called  dance  cer- 
emonials are  essentially  dramatic,  and  they  go  so  far  as  to  indicate  also  that  all 
primitive  ceremonials,  of  whatever  nature,  are  essentially  dramaturgic,  thus  making 
bin  contribution  of  general  as  well  as  of  special  significance. 

In  January,  1892,  Mr.  Gushing  again  reported  at  Washington  and  was  regularly 
engaged  as  an  ethnologist  of  the  Bureau  on  tho  1st  of  February,  and  has  since  been 
octMipied  ill  elaborating  his  paper  on  the  myths  of  the  drama  dances  and  on  a 
stmly  of  manual  concepts  or  the  influence  of  primitive  hand-usages  on  mental  de- 
velopment in  the  culture  growth  of  mankind. 

Mrs.  Stevenson  returned  from  tlie  field  work  before  mentioned  in  March,  1892,  and 
was  employed  for  the  remainder  of  the  fiscal  year  in  preparing  her  field  notes  for 
pnblicatioii. 

Mr.  Gerard  Fowke  was  engaged  during  December  and  January  in  preparing  a  re- 
I>ort  of  the  season's  work  by  him  in  archieology,  arranging  and  classifying  the  speci- 
mens procured,  and  embodying  in  reports,  ])reviously  prepared,  the  results  of  recent 
discoveries. 

The  office  work  of  Dr.  Hoflfman  consisted  in  arranging  the  material  gathered  dur- 
ing the  preceding  field  season  and  in  preparing  for  publication  an  account  of  the 
Midewiwin,  or  so-called  *Mirand  Medicine  Society,^'  of  the  Ojibwa  Indians  of  White 
f  arth,  Minnesota.  This  work,  which  forms  one  of  the  papers  accompanying  tho 
^vonth  Annual  Report,  embraces  new  material  and  consists  of  the  traditions  of  the 
Indian  cosmogony  and  genesis  of  mankind,  the  '*  materia  medica'^  of  the  shamans, 
s^nd  the  ritual  of  initiation,  together  with  the  musical  notation  of  the  chants  and 
'^ngs  used. 

l^nring  the  winter  and  spring  months  a  delegation  of  Menomonee  Indians  from  Wis- 
f'onsin  visited  Washington  and  Dr.  Hoffman  frcfpiently  conversed  with  them  to  ob- 
'*in  information  explanatory  of  the  less  known  practices  of  the  Menomonee  ceremony 
■^f  the  Mitawit,  or  their  ''Grand  Medicine  Society,"  for  the  purpose  of  comparison 
'^'ith  the  ritual  as  observed  by  the  Ojibwa.  In  addition  a  large  mass  of  mythologic 
™^3terial  was  obtained,  as  well  as  texts  in  the  Menomonee  language. 

^returning  from  the  field  in  August  1891,  Mr.  James  Mooney  spent  about  ten 
W'eeks  in  arranging  his  Kiowa  collection  for  the  World's  Columbian  Exposition, 
'^ritiDg  out  a  series  of  descriptive  labels,  and  in  copying  all  the  more  important 
locuments  relating  to  the  ''ghoAt  dance"  from  the  files  of  the  Indian  Oflice  and  the 
'^ar  Department.  He  then  again  went  out  iuto  the  field,  as  above  stated,  returning 
^0  Washington  in  February  1892.  About  three  months  were  then  occupied  in  ar 
'"•njifing  the  material  thus  obtained  and  in  writing  the  preliminary  chapters  of  his 
^lH)rt  on  the  ghost  dance.  He  also  superintended  the  preparation,  at  the  National 
^'isenm,  of  a  number  of  groups  of  life-size  figures  to  accompany  the  Kiowa  collec- 
%i  at  the  World^s  Fair. 

Rev. .).  Owen  Dorsey  continued  the  arrangement  of  Kwapa  texts  with  interlinear 
^^i\.  free  translations  and  critical  notes.     He  revised  the  proof  of  **  Omaha  and  Ponka 
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Letters/'  a  bulletin  prepared  from  (^  egilia  texts  cullect«d  by  himself.    He  finished 
the  collation  of  all  the  Tiit«lo  words  recorded  by  Dr.  Hale.  Mr.  J.  N.  B.  Hewitt,  and 
himself,  with  the  result  that  he  had  775  words  in  the  Tiit«lo-£nglish  dictionary. 
'He  famished  a  list  of  several  hundred  linguistic  and  sociologic  questions  to  be  used 
among  Indian  tribes.    These  questions  were  in  addition  to  those  contained  in  tb« 
second  edition  of  Powell's  Introduction  to  the  Study  of  Indian  Langnages  and  were 
baaed  on  original  investij;ations  made  by  Mr.  Dorsey  among  the  Siouan  tribes.   He 
prepared  for  publication  the  following  articles:  Siouan  Onomatopes  (sound-roots), 
illustrated  by  charts;  The  Social  Organization  of  Siouan  Tribes,  illuatrated by £<;. 
ures  consisting  chiefly  of  material  gained  by  himself  from  the  Dakota  tnbee,  the 
Omaha,  Ponka,  Kwapa,  Osage,  Kansa,  Iowa,  Oto,  Missouri^  Winnebago,  and  Tntelo; 
Nanibozhu  in  Siouan  Mythology ;  Games  of  Teton  Dakota  Children  (translated  and 
arranged  from  the  original  Teton  manuscript  in  the  Bushotter  collection  of  the 
Bureau  of  Ethnology). 

After  his  return  from  Louisiana  he  devoted  most  of  his  time  to  the  arrangement  of 
the  material  collected  in  his  Biloxi  note-books.  He  prepared  a  Biloxi-English  dic- 
tionary of  3,183  words  on  about  7,000  slips  in  alphabetic  order.  He  arranged  the 
Biloxi  texts  for  publication,  adding  to  the  myths  (with  their  interlinear  and  free 
English  translations  and  critical  notes)  a  list  of  several  hundred  Biloxi  phratM^. 
In  his  article  on  the  Biloxi  kinship  system,  he  gave  53  kinship  groups,  of  which 
number  only  27  have  their  counterparts  in  the  Dakota,  (fegihUf  and  other  Siouao 
languages  of  the  Missouri  valley.  The  elaboration  of  all  the  Biloxi  material  could 
not  be  completed  by  June  30,  1892. 

Mr.  All>ert  S.  Gatschet  assisted  in  augmenting  and  improving  the  data  for  the 
Tribal  l^nonymy  now  in  preparation,  by  extracting  material  from  a  number  of 
books  and  original  reports  especially  referring  to  southern  and  southwestern  In- 
dians. His  main  work  during  the  year  was  directed  towanls  extracting  and  arrang- 
ing some  of  the  more  extensive  vocabularies  made  by  him  previously  in  the  field. 
After  completing  the  Tonkawe  of  Texas,  he  carded  e«'ich  word  of  the  Shawano  and 
Creek  languages  obtaine<l  by  him,  copied  the  historical  and  legendary-  t'exts  of  both, 
and  extracted  the  lexical  and  grammatic  elements  from  them  to  serve  as  the  ground- 
work for  future  grammars.  The  remains  of  the  Virginia  or  Powhatan  lang^iag«0  ^ 
that  are  known  were  also  made  accessible  by  carding  the  t'Crms. 

During  the  fiscal  year  Mr.  J.  N.  B.  Hewitt  was  a  part  of  the  time  engaged  in  careful 
study  of  the  grammatic  forms  of  the  Iroquoian  languages,  especially  in  the  ascer- 
tainment of  the  number  and  order  in  which  the  affixes  may  be  used  with  oueand 
the  same  stem  or  base.  He  was  also  engaged  in  translating,  extracting,  and  traos- 
ferring  to  library  cards,  from  the  '^Ddcouvertes  et  ^tablissements  des  Francais  daos 
TAm^rique  septentrionale,''  by  Pierre  Margry,  matter  relating  to  the  manners,  cus- 
toms, beliefs,  rights,  ceremonies,  and  history  of  the  Iroquois,  which  matter  is  now 
placed  on  about  20,000  cards. 

He  continue<l  his  work  on  the  Tuscarora  Dictionary  and  directed  attention  to  de- 
veloping the  full  number  of  ordinary  sentences  in  which  every  generic  noun  m*y 
be  employed,  which  affords  a  measure  of  the  capacity  of  the  vocabulary  for  the  ex* 
pression  of  thought. 

Mr.  James  C.  Pilling  continued  his  bibliographic  work  throughout  the  year,  n'i^ 
special  attention  to  the  Athapascan  family.  Work  upon  this  family  was  begQi^ 
early  in  the  fiscal  year,  on  October  13  the  manuscript  was  sent  to  the  printer,  »b<^ 
at  the  close  of  the  year  but  a  few  pages  of  the  tinal  proofs  remained  unread.  1^^ 
Bibliography  of  the  Athapascan  Languages  forms  a  pamphlet  of  xiii -^125  pages- 
While  this  volnme  was  being  put  in  type  Mr.  Pilling  began  the  collection  of  mate- 
rial for  a  number  of  bibliographies  relating  to  the  languages  of  the  northwest  co»»^ 
of  America— the  Chinookan,  Salishan,  and  Wakashan,  and  satisfactory  progress h«« 
been  made.    Probably'  one  or  more  of  them  will  beready  to  send  to  the  printer  dof- 
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e  coming  autuinu.  During  the  month  of  May,  1892,  Mr.  Pilling  made  a  brief 
o  librarien  in  Boston  and  Cambridge  in  connection  with  the  compilation  of  ma- 
relating  to  these  northwest  languages. 

De  Lancey  W.  Gill  continued  in  charge  of  the  work  of  preparing  and  editing 
nstrations  for  the  publications  of  the  Bureau. 

total  number  of  illustrations  prepared  during  the  year  was  980.  These  draw- 
lay  be  classified  ua  follows : 

Landscapes 6 

Maps G 

Objects 30() 

Diagrams 31 

Miscellaneons &37 

number  of  illustration  proofs  handled  during  the  year  was  as  follows:  Eighth 
il  Report,  308;  Ninth  Annual  Report,  459;  678  illustrations  for  the  Tenth.  An- 
Report  were  transmitted  to  the  Public  Printer. 

photographic  laboratory  remains  under  the  able  management  of  Mr.  J.  K. 
"s.  A  small  but  valuable  collection  of  portraits  of  North  American  Indians 
ecnred  by  him  during  the  year  from  sittings ;  twenty-six  negatives  were  ob- 
l.    The  following  table  shows  the  size  and  number  of  photographic  prints 


Size. 

N  limber 

20  by  24 

45 

11  by  14 

274 

8  by  10 

546 

5  by    8 

875 

4  by    5 

1,187 

prnut 

ATIf)NS. 

e  publications  issued  during  the  year  are  as  follows: 

"Seventh  Annual  Report  of  the  Bureau  of  Ethnology  to  the  Secretary  of  the 
hsonian  Institution,  1885-86,  by  J.  W.  Powell,  Director."  This  report  contains 
ntrodnctory  report  by  the  Director,  27  pages,  with  accompanying  papers,  as 
W8: 

ndian  Linguistic  Families  of  America  north  of  Mexico,"  by  J.  W.  Powell;  "The 
iwiwin  or  'Grand  Medicine  Society'  of  the  Ojibwa,"  by  W.  J.  Hoffman;  "The 
id  formulas  of  the  Cherokees,"  by  James  Mooney.  The  report  forms  a  royal 
vo  volame  of  Ixi-f  409  pages,  illustrated  with  39  figures  .and  27  plates,  one  of 
ill  is  a  folding  plate  in  a  pocket  at  the  end  of  the  volume. 

I  "Contributions  to  North  American  Ethnology,  Vol.  ii,  part  ii."  This  part 
ains  the  Klamath-English  and  English-Klamath  Dictionary,  by  Albert  Samuel 
cbet,  and  concludes  his  work  relating  to  "The  Klamath  Indians  of  South west-ern 
fon."    The  volume  is  a  quarto  of  711  pages. 

)  "Contributions  to  North  American  Ethnology,  Vol.  vi,"  containing  the  fol- 
ng  papers  by  James  Owen  Dorsey:  "The  <j*egiha  Language,  jjart  i,  Myths,, 
iea,  and  Letters,"  and  "The  ^egiha  Language,  jiart  ii.  Additional  Myths,  Stories, 
Letters."  The  report  forms  a  qujirto  volume  of  xviii-f  794  pages. 
)  "Contributions  to  North  American  Ethnology,  Vol.  vii,  "A  Dakota-English 
iionary,  by  Stephen  Return  Riggs,  edited  by  James  Owen  Dorsey."  This  is  a 
rto  volume  of  x  +  665  pages. 

)  Bulletin  of  the  Bureau  of  Ethnology.  This  work  consists  of  a  paper  entitled 
naha  and  Ponka  Letters,"  by  James  Owen  Dorsey,  and  forms  an  octavo  volume 
27  pages. 
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(6)  Bulletiu  of  tli«  Bnreau  of  Ethnology.  The  work  in  a  "Catalogue  of  Preliis- 
t^ric  Works  East  of  thi^  Rocky  Mountains,"  by  C>tii8  Thomas.  It  forms  an  octnvo 
volume  of  246  pages,  with  17  maps,  ono  of  which  is  in  a  pocket  at  the  end  of  the 
volume. 

(7)  Bulletin  of  the  Bureau  of  Ethnology.    The  work  is  "  Bibliography  of  tbe  Al- 

gouquian  Languages,"  by  James  Constantino  Pilling.     It  forms  an  ortavo  volniiipof 

614  ])age8,  with  82  plates  of  facsimiles  of  title-])agoH  of  rnn*  works. 

Very  respectfully, 

J.  W.  Powell, 

IHrecior. 
Mr.  S.  P.  Laxglky, 

Secretary  Smithsoman  JnstituiioH. 
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Appendix  TI. 

er  OF   THE   CURATOR    OF   EXCHANGES    FOR    THE   YEAR   ENDING 

JUNE  30.  1892. 

I  have  the  honor  to  present  the  following  brief  report  of  the  operations  of 
•eau  of  International  Exchanges  for  the  fiscal  year  ending  Jnne  30,  1892: 


TABULAU  STATEMENT   OF   THE   WORK   OF   THE    BUREAU. 

tAtistics  of  work  done  by  the  Bnreaii  during  the  year  are  Hnccinctly  given 
Jinexed  table,  prepared  in  a  form  adopt«Ml  in  the  proceding  report.^: 

iioHS  of  the  Bureau  of  International  Excluinges  during  the  fiscal  year  ISO  1-9?. 


« 

M 
S'r 

6.550 
11,316 
7,271 
0, 275 
5,6:{8 
5, 334 

5, 161 
12,058 
12,860 
7.435 
8.118 
6.002 

•0m 

Ledger  a 

I 

Is 

s 

ic<;oiint8. 

• 

.2. 

Domestic  indi- 
viduals. 

i 

Domestic    pack- 
:                     ages  sent. 

Invoices  written. 

t      I 
--i    i 

*£  '    *" 
«-*  :    £ 
%         z. 

ei              & 

;j         ^ 

24  !    230 
62  i     179 
17        179 
116       232 
99       210 

s 

€ 

• 

r 

u 

5 

■ 

Lbs. 
12, 578 
21,718 
15.590 
25.  508 
14,416 
24.  221 

13,116 
23,671 
32, 375 
18,315 
15, 057 
11  052 

177 

226 

;r.  -  - 

146 

222 

r  . . 



•••■*•"" 

302 

r 

117 

60 

96 

127 

189 

ia3 

188 
217 

224 

262 

^ 

226 

301 

1 

95       179 

90  ,     169 

112       168 

204 

i 

236 

i 

226 

i 

al  .. 

97.027 
6,361 

220.  517 
11,095 

6.204 
223 

2.044 
456 

7.910 
838 

4. 524 
317 

26, 000 
3,047 

2:J,  130 
1,  213 

J, 015 

2.  32:j 

2,  752 

i>ver 

53 

110 

335 
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For  comparison  with  previous  years  I  add  a  tabular  statement  from  1886  Ui  1892, 
inclusive,  by  which  the  rapid  growth  of  the  service  clearly  appears: 


'   1886-'87  i  18«7-'88 

j  1 

Number  of  packages  recei  v«l j  61,  MO  75, 107 

Woight  of  packages  recei vwl I    1 4 1 .  203  1 41».  GJIO 

LtMlger  acrcuiinto:  \ 

Foreign  Hocietica >  ^  4,194 

Foreign  individuals \l  ^''^  \     4,153 

DoDic^tic  Bocietied k  ,  1, 070 

Domestic  individuals '  >  ''■*^®^  1     J ,  556 

Domestic  packages  sent 10, 2&4  12. 301 

Invoices  written 15  288  13,525 

Cases  shipped  abroad 692  ^  G03 

Letters  received 1, 131  .  1, 062 

Letters  writt4sn 1,217  1,804 


1888-'89       1889-*90  I   1890-'91 


IMl-'ffl 


75.966 
170,928 

4,4G6 

4,699 

1,355 

2,610 

17, 218 

14,095 

G93 

1,214 

2,050 


82, 572 
202,657 

5, 131 

6,340 

1,431 

3,100 

13, 210 

16,948 

873 

1,509 

1,625 


90.666 
237.612 

5,981 

7,072 

1,588 

4,207 

29,047  : 

21,923  ' 

962 

2.207 

2.417  ! 


226.51: 

e.2U 
7.910 
2,0tt 
4,524 
2G.O00 
23.136 
1,015 
2,33 
27S2 


EXPENSES. 

Tlie  cxi)cu8es  of  the  exchange  bureau  are  met  in  part  by  direct  appropriation  by 
Congress  and  in  part  by  appropriations  made  to  Government  Departments  or 
Bureans,  either  in  their  contingent  funds  or  in  specified  terms  for  repayment  to  the 
Smithsonian  Institution  of  a  portion  of  the  cost  of  transportation.  In  1878  the 
Board  of  Regents  established  a  charge  of  5  cents  per  pound  weight  for  the  publica- 
tions sent  out  or  received  by  the  varions  Government  bureaus,  this  charge  being 
necessary  to  prevent  an  undue  tax  upon  the  resources  of  the  Institution,  as  the  ap- 
propriations made  by  Congress  have  never  been  sufficient  to  meet  the  entire  cost  of 
the  service.  For  similar  reasons  it  has  been  found  necessary  to  make  a  charge  of 
the  same  amount  to  State  institutions,  and  from  these  a  further  small  sum  has  been 
received. 

The  appropriation  made  by  Congress  for  the  fiscal  year  1891-'92  was  in  the  follow- 
^  ing  terms  : 

For  expenses  of  the  system  of  international  exchanges  between  the  United  States 
and  foreign  countries,  under  the  direction  of  the  Smithsonian  Institution,  including 
salaries  or  compensation  of  all  necessary  employees,  seventeen  thousand  dollars. 

The  receipts  and  disbursements  by  the  accounting  officer  of  the  Smithsooian 
Institution  on  account  of  international  exchanges,  under  date  of  July  1,  1892,  and 
covering  the  fiscal  year  immediately  preceding,  were  as  follows  : 

RECEIPTS. 

Direct  appropriation  by  Congress $17,000.00 

Repayments  to  the  Smithsonian  Institution  from  United  States  Govern- 
ment Departments 2, 108.41 

State  institutions 30.  ^ 


Total 19,139.1^ 

1>ISBUR8EMENTS. 


For— 


From    specific 

Congressional 

appropriations. 


Salaries  and  compensations. 
Freight 


Packing  boxes. 

Printing 

Postage 

Stationery 


Froin  other 


$14,074.81 
1,792.83 
561.40 
9({.50  i 
145. 00  I 
327.46  I 


17, 000. 00 


$3,310.*" 
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Tbo  foregoiii9  table  shows  that  the  entire  amoiiut  received  from  Goveminent  bu- 
van  and  others  was  $2,139.19,  making  the  sum  practically  available  for  the  spccitic 
purpose  of  exchanges  $19, 139. 19,  while  the  expenses  have  amounted  to  $20,310.49,  the 
ileficiency  of  $1,171.30  being  made  up  from  the  Smithsonian  fund. 

The  advantages  have  been  pointed  out  in  previous  reports  of  combining  in  a  single 
item  the  various  appropriations  for  the  exchange  service,  now  divided  into  compar- 
atively small  sums  among  the  several  larger  appropriation  bills  of  the  Government, 
but  the  matter  seems  to  be  of  sufficient  importance  to  call  attention  to  it  again  in 
this  place. 

For  the  year  1891-^92  an  estimate  for  the  entire  expense  of  the  service  of  $23,000 
was  submitted,  this  sum  being  intended  to  include  these  smaller  amounts  alluded  to, 
and  also  an  item  of  $2,000  to  cover  the  expense  of  an  immediate  exchange  of  parlia- 
mentary documents  with  the  countries  entering  into  the  treaty  of  Brussels  in  1886. 
The  amount  appropriated  was  $17,000,  the  same  as  that  for  the  preceding  year. 

CORRESPONDENCE. 

The  name  of  each  person  or  institution  sending  or  receiving  publications  through 
the  exchange  bureau  was  heretofore  entered  upon  a  large  ledger  card,  showing  all 
snch  packages  received  or  sent.  This  system  has  proved  itself  of  great  convenience, 
but  with  the  large  increase  in  the  number  of  cards  the  space  occupied  has  become 
of  serioui)  moment,  and  it  was  therefore  found  desirable  to  begin  a  new  series  of 
cards,  of  smaller  size,  entering  in  an  abbreviated  form  the  receipts  from  correspond- 
ents upon  a  blue  card,  while  the  packages  forwarded  to  these  correspondents  are 
entered  upon  a  white  card.  This  system  was  put  in  operation  January  1,  1892,  and 
during  the  six  months  succeeding;  9,808  cards  of  the  new  form  have  been  prepared, 
representing  the  number  of  correspondents  with  whom  communication  has  been  had 
during  that  period.  There  have  been  added  to  the  list  of  correspondents  dnring  the 
year  1,834  names. 


AdditiouM  to  list  of  corrospondcntH. 


lea  au<l  institutions , 

ludlridoala 

Total 


Forei;?!!. 

Domestic. 

6,204 
7,910 

2,044 
4.524 

14, 114 

6,568 

INTERNATIONAL   EXCHANGE   OF   OFFICIAL  l>OCUMENTS. 

Under  the  treaty  alluded  to  in  the  Secretary's  report  for  1887-'88,  the  exchange  of 
^he  official  publications  of  the  United  States  Government  with  other  governments 
hag  been  continued  by  the  Smithsonian  Institution,  and  it  now  forms  a  very  largo 
proportion  of  the  bureau's  work. 

The  entire  number  of  publications  sent  abroad  during  the  year  under  the  provision 
of  the  act  of  Congress  of  March  2,  1867,  and  of  the  treaty  above  referred  to,  was 
27,873,  and  there  have  been  received  in  return  1,941  packages  or  volumes.  The 
United  States  Government  Departments  have  forwarded  to  their  corrcspondent-s 
•broad  20,373  packages,  and  have  received  in  return  13,000  packages.  The  total 
timber  of  exchanges  on  Government  account  has  been  14,941  received  and  52,783 
packages  sent  abroad.  There  have,  therefore,  bceu  a  total  of  67,724  packages,  or 
*b«ut  70  per  cent  of  the  total  number  handled. 


62 


REPORT   OF   THE   SECRETARY. 


ThiB  exohango  on  iH^couut  of  GovemmeDt  bureaus  is  shown  in  detail  in  ibe  i 
lowiug  table : 

Statement  of  Government  exchanges  during  the  year  1891-9S. 


Name  of  biiroau. 


Packagoe 


Package«- 


for.    I  ^"^  ^y- 


Name  of  bureau. 


I  Received 


—I- 


American  Epheineria 

1 

Astro-phvBical  Obaervatory . 

5.3 

Barean  of  Education 

85 

lUireaa  of  Ethnology 

J04 

Bureau  of  International  £x- 

nhanirm 

3 

Bureau    of    Medicine    and 

Sursrerv 

2 

Bureaa  of  Navigation 

4 

Bureau  of  Onlnance  (Navy 

Denartment) 

1 

DlirAAIl  of  StfttlAtiCA 

10 

Bnrean  of  SteamEnginoering . 

2 

Biiraau  of  the  Mint 

•{ 

f  !(^nf(ua  Office 

8 

Commissioner  of  Patents  — 

1 

Comptroller  of  the  Currency. 

2 

Department  of  Agriculture. . 

143 

Department  of  J  ustice 

10 

Department  of  Labor 

2« 

Dctiartment  of  State 

*'2 

Department  of  the  Interior. . 

29 

13eDartment  of  War 

13 

General  Land  Office 

4 

House  of  Repi-eaentatives . . . 

1 

Hydrographio  Office 

08 

Index  Medicus 

1 

Library  of  Congress 

1,941 

Lisrht-Honse  Board 

•> 

Marine  Hospital  Service 

5 

National   Academy  of    Sci- 

ences.  

48 

Nautical  Almanac  Office 

14 

1 
1 

1,809 


893 


532 


45 
225 


1 
94 

91 
183 


1 

Navy  Department  library  . . ' 
'  Office  of  Indian  Affairs 

Office  of  Naval  Intelligence. 
'  Office  of  the  Chief  of  Engi- 
neers  

Ordnance  Bnrsan  (War  De- 
partment)  

Post-Office  Department 

Public  Printer 

Smithsonian  Institution 

'  Surgeon  -  Generars    Office 
I      (U.S.Army) 

Surg6on-General(U.S.Navy) . 
i  U.  S.  Board  on  Geographic 
,      Names 

U.  S.  Coast  Survey 

I  U.     S.     C'Ommissioner     of 
Weights  and  Measures. . . 

U.  S.  Entomological  Com- 
mission  

U.  S.  Fish  CommisHion 

U.  S.  Geographical  Survey.. 

U.S.  Geological  Sur>*ey 

U.  S^National  Museum 

;  U.  S.  Naval  Observatorj' 

U.S.  Patent  Office 

U.S.  Senate 

U.  S.  Signal  Office 

U.  S.  Treasury  Department. 

U.  S.  Weather  Bureau 


Tot«l 


for. 


18 

9 


:i7 
1 


9,975 

156 
10 

1 
69 


6 

35 

3 

434 

1.294 

112 

45 

2 

41 

9 

50 


14,941 


Sent 


67,724 


Adding  this  to  the  number  of  miscellaneous  packages  the  total  of  97,027  packi 
weighing  113  tons,  has  passed  through  the  bureau. 


EFFICIENCY   OF   THE   SERVICE. 

It  is,  perhaps,  desirable  to  rehearse  briefly  here  the  method  of  receiving  andh 
ling  exchange  packages  received  by  the  Institution. 

Scientific  societies  and  individuals  in  the  United  States  desiring  to  forward  i 
publications  abroad  send  them  to  the  Smithsonian  Institution,  where  a  recoi 
kept  of  the  number  of  packages  received,  under  the  sender's  name,  and  also  a  re 
showing  each  person  or  institution  to  which  a  copy  of  the  work  in  question  is  ti 
mitted.  The  books  are  then  packed,  with  invoices  from  other  senders,  and 
warded  by  freight  to  the  Government  bureau  abroad  which  has  undertaken 
task  of  distributing  all  exchange  packages  in  that  country.  The  books  are 
warded  direct  to  the  paid  agents  of  the  Institution,  if  in  Great  Britain  or  Germ 
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by  whom  they  are  (liHtributiHl  by  mail  or  cxpret^s^  the  Institntiou  assiiuiing  the  cost 
uf  tmuiiportation  to  the  diHtributing  a^rcnts,  aud  in  the  case  of  its  H])ecial  agent  the 
c08t  is  fnrtlier  defrayed  to  the  recipient  Avhen  i»racticable.  Because  of  the  lack  of 
Bufticioiit  funds  transportation  is  effected  by  nhnv  freight,  aud  the  governmental 
bureau  of  the  United  States  or  other  correspondents  of  the  Institntiou  can  not  expect 
thrir  }iublications  to  be  delivered  with  theHauic  promptness  with  which  they  may  be 
MMit  by  mail  or  by  express.  The  transmissions  are  especially  slow  to  foreign  countries 
with  which  wo  have  comparatively  infrequent  communication.  To  England  and 
Germany,  where,  as  before  stated,  the  agencies  are  under  control  and  pay  of  the 
Smithsonian  Institution,  and  to  France,  cases  are  dispatched  on  the  average  about 
threo  times  a  month. 

Special  care  is  taken  to  insure  the  safe  delivery  of  the  package  to  the  person  ad- 
dressed, and  the  c;ises  of  failure  constitute  but  a  small  percentage  of  the  entire  num- 
ber of  packages  handled.  Some  errors  are  inevitable  unless  the  greatest  care  is  ex- 
emmd  by  the  sender  in  securing  the  proper  address  of  his  correspondent^. 

With  ca<?h  xiackage  sent  out  a  receipt  card  is  forwarded  re<inesting  acknowledg- 
ment thereon  of  the  package  in  question,  and  when  this  receipt  is  placed  in  the  files 
of  the  exchange  office  the  record  of  that  particular  package  is  complete. 

Transmissions  from  abroad  received  by  freight  in  large  cases  are  distributed  in  the 
United  States  by  registered  mail,  a  record  lirst  having  been  made  of  the  name  of  the 
sender  and  of  the  recii)ient  of  each  package.  A  receipt  card,  returnable  by  mail 
withont  postage,  is  *ent  with  each  of  these  packages,  and  should  be  returned  at 
ouce  hy  the  recipient  in  ai^knowledgment  of  the  package,  otherwise  further  trans- 
iiilssious  to  that  address  can  not  6e  made.  It  should  be  borne  in  mind  that  as  no 
record  is  made  of  the  title  of  the  book  contained  in  each  package,  it  is  not  always 
possible  t<»  trace  a  given  work  unless  the  date  of  its  dispatch  to  the  exchange  office 
is  known. 

I  give  this  account  of  the  working  of  the  Exchange  Service,  as  lam  led  to  believe 
from  a  number  of  inquiries  with  reference  to  this  Bureau  that  it  is  not  thoroughly 
understood  bv  all  who  have  had  occasion  to  make  use  of  it. 

I  am  gratilied  to  state  that,  the  recommendation  for  additional  assistance  con- 
Uined  in  previous  reports  having  been  approved,  it  lias  been  possible  to  bring  the 
ffcord8  and  tiles  into  a  much  more  satisfactory  state  than  heretofore,  as,  owing  to 
tlie  insufficient  clerical  force,  the  work  has  been  for  several  years  past  Bomewliat  in 
arrears.  By  the  a<loptioii  of  new  and  abbreviated  fonns  for  records  the  clerical  work 
lias  been  materially  decreased  without  tlie  sacrifice  of  accuracy,  though  in  spite  of 
fhisrednction  in  the  work  and  the  increase  of  the  force  it  is  only  now  possible  to  keep 
the  work  of  the  Bureau  well  up  to  date.  This,  I  think,  will  readily  be  understood 
^f  it  is  remembered  that  since  1886  the  number  of  packages  accounted  for  has  been 
nearly  doubled. 

^h  thousand  four  liuudrod  and  sixty-one  more  jia-ckages  were  handled  in  1891-^92 
^han  in  the  jirevious  year,  and  on  June  30,  1892,  there  were  but  102  packages  on 
^and  to  be  disposed  of. 

The  increased  number  of  shipments  to  the  iirincipal  foreign  countries  has  been 
Maintained,  as  shown  in  the  tables  appended  as  Exhibit  A.  A  further  improvement 
*»  this  direction  can  be  looked  for  only  wlien  the  appropriations  made  by  Congress 
Wonie  sufficient  to  enable  the  Institution  to  pay  for  fast  freight.  As  it  is  now, 
free  freight  is  granted  by  a  majority  of  the  ocean  steamship  companies  to  the  Smith- 
•^uian  Institution  in  its  endeavor  to  increase  and  diffuse  knowledge  among  men, 
^hile  full  rates  would  1)0  charged  to  the  IJuit-ed  States  Government  for  a  similar 
''^t>ice;  and  where  the  privilege  of  free  freight  has  not  been  secured  the  exchange 
"*^xe8  are  sent  by  slow  steamers  or  by  sailing  vessels  offering  low  rates. 

1  take  pleasure  in  bearing  witness  to  the  conscientious  efticiency  of  the  employes 
^f  the  Exchange  Office,  aud  I  beg  leave  to  express  my  appreciation  of  the  careful 
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attention  to  the  int<;reNt.s  of  the  Bureau  on  the  part  of  its  Hpecial  agents  abroad, 
Doct^ir  Folix  Flttgel,  in  Leipzig,  and  Mensrs.  William  Wesley  &  Son,  in  lyondon. 

Grateful  acknowledgiuenta  are  also  due  to  tlie  followiu;;  tran8|H>rtatiou  corapauioi 
and  firniH  for  their  continued  liberality  in  granting  free  freight,  or  in  othervi«e 
assisting  in  the  transniission  of  exchange  parcels  and  boxes,  while  to  otbeTlinnii 
thanks  are  duo  for  reduced  rates  of  transportation  in  consideration  of  the  disinter- 
ested services  of  the  Institution  in  the  diffusion  of  knowledge. 

LIST   OF   SHIPPING   A(rKNTS   (ilVINti    KKKK   KRKIUIIT. 

Allen  Steamship  Company  (A.  Schumacher  &  Co.,  agents),  Baltimore. 

d'Almeirim,  Baron,  Royal  Portuguese  consul-general.  New  York. 

American  Board  of  Commissioners  for  Foreign  Missions,  Boston. 

American  Colonization  Society,  Washington,  District  of  Columbia. 

Anchor  Steamship  Line  (Henderson  &  Bro.,  agents).  New  York. 

Atlas  Steamship  Company  (Pim,  Forwood  «fe  Co.),  New  York. 

Bailey,  H.  B.,  &  Co.,  Now  York. 

B5rs,  C,  consul-general  for  Sweden  and  Norway,  New  York. 

Botassi,  D.  W.,  consul-general  for  Greece,  New  York. 

Boulton,  Bliss  and  Dallett,  New  York. 

Calderon,  Climaco,  consul-general  for  Colombia,  New  York. 

Caldo,  A.  G.,  consul-general  for  Argentine  Republic,  New  York. 

Cameron,  R.  W.  &  Co.,  New  York. 

Baltazzi,  X.,  consul-general  for  Turkey,  New  York. 

Compagnie  G6n6rule  Transatlantique  (A.  Forget,  agent).  New  York. 

Cunard  Royal  Mail  Steamship  Company  (Vernon  H.   Brown  &  Co.,  agents),  New 

York. 
Espriella,  ,Justo  R.  do  la,  consul-general  for  Chile,  New  York. 
Florio  Rubattino  Line — Navigazione  Generale  Italiana  (Phelps  Bros.  &  Co.), New 

York. 
Hamburg  American  Packet  Company  (R.  J.  Cortis,  manager).  New  York. 
Honsel,  Bruckmann  &  Lorbacher,  New  York. 

Inman  Steamship  Company  (Heudei*son  <&  Bro.,  agents),  New  York. 
Mantez,  Jose,  consul-general  for  Uruguay,  New  York. 
MuBoz  y  Espriella,  New  York. 

Navarro,  J.  N.,  consul-general  for  Mexico,  New  York. 
Netherlands  American  Steam  Navigation  Company  (W.  11.  Vauden  Tooru,  agt"nt)i 

New  York. 
New  York  and  Brazil  Mail  Steamship  Company,  New  York. 
New  York  and  Mexico  Steamship  Company,  New  York. 
North  German  Lloyd  (agents:  Oelrichs  «fe  ('o..  Now  York;  A.  Srhumacher  &Co.> 

Baltimore). 
Obarrio,  Mclchor,  con.sul-gi'neral  for  Boliviji,  New  York. 

Pacific  Mail  Steamship  Company  (II.  J.  Bullay,  superintendent).  New  York. 
Panama  Railroad  Company,  New  York. 
Pioneer  Line  (R.  W^.  Cameron  «fc  Co.),  Now  York. 
Perry,  Ed.,  &  Co.,  New  York. 

Pomares,  Mariano,  consul-general  for  Salvador,  New  York. 
Red  Star  Line  (Pi'ter  Wright  «fc  Sous,  agents),  New  York  and  Philadelphia. 
Royal  Danish  consul.  New  York. 
Ruiz,  Domingo  L.,  consnl-gencral  for  Ecuailor. 
Stewart,  Alexander,  consul-general  for  Paraguay,  Washington,  District  of  M^^' 

bia. 
Toriello,  Enrique,  consul-general  for  Guatcinala,  New  York. 
White  Cross  Line  of  Antwerp  (Fundi,  Edyi*  A:  Co.),  New  Y«irk. 
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OK  THE    CORRKSPONDENTS  OF   THE    SMITHSONIAiN  ACTING  A8    1T8  AGENTS  FOR 

THE   INTERNATIONAL  SIXCHANGEK. 

la:  Bureaa  Franvais  des  I^changos  Internatiouaux,  PariH,  France, 
itine  Republic :  Miihco  Naciotial,  Bueno8  Aires. 

ia-Hungary:  Dr.  Felix  FlUgol,  No.  1,  Robert  Schumann  Strasse,  Leipzig,  Ger- 
uiny. 

1:  Bibliotheoa  Nacional,  Rio  Janeiro. 

nm:  CoinmisHlon  dee  ^changes  Internatiouaux,  Ruedii  Mu8<5e,  No.  5,  Brussels, 
ia:  University,  Chaqnisaca. 

ill  America:  McGill  College,  Montreal,  or  Geological  Survey  Office,  Ottawa, 
ih  Colonies:  Crown  Agents  for  the  Colonies,  London,  England, 
ih  Guiana :  Th«  Observatory,  Georgetown. 
Colony:  Colonial  Secretary,  Cape  Town. 

i:  Dr.  B.  W.  Doberck,  (government  Astronomer,  Ilong-Kong;  for  Shanghai: 
i-ka-wei  Observatory,  Shanghai. 
:  Mnseo  Nacional,  Santiago, 
ibia  (U.  8.  of ):  National  Library,  Bogota. 
Rica:  Institato  Fisico-geognilico  Nacional,  San  Jos€. 
:  Dr.  Frederico  Poey,  Calle  del  Rayo,  19,  Habana,  Cuba, 
lark:  Kongelige  Danske  Videnskabernes  Selskab,  Copenhagen. 
1  Guiana :  Surinaamsche  Koloniaale  Bibliotheek,  Paramaribo. 
India:  Director-General  of  Stores,  India  Office,  London, 
lor:  Observatorio  del  Colegio  Nacional,  Quito, 
t:  Institut  Egyptien,  Cairo. 

M):  Bureaa  Franvaisdcs  ^changes  Internationaux,  Paris, 
any:  Dr.  Felix  Flii gel.  No.  1,  Robert  Schumann  Strasse,  Leipzig. 
Britain  and  Ireland :  William  Wesley  <&  Son,  28,  Essex  street,  Strand,  London. 
:e:   National  Library.  Athens. 

iuiala:  Instituto  Nacional  de  Guatemala,  Guatemala, 
eloape  (Same  as  France.) 

:  Secretaire  d'J^tat  des  Relations  Ext^rieures,  Port  au  Prince, 
nras:  Bibliotheca  Nacional,  Tegucigalpa, 
ad:  Icelands  Stiptisbokas^fu,  Reykjavik. 
:  Biblioteca  Nazionale  Vittorio  Emanuele,  Rome, 
i:  Minister  of  Foreign  Aftairs,  Tokio. 
:  (Same  as  Holland.) 
ia :  Liberia  College,  Monrovia. 

ira:  Director-General,  Army  Medical  Department,  London,  England. 
i:  (Same  as  Madeira.) 

itius:  Royal  Society  of  Arts  and  Sciences,  Port  Louis, 
lubique :  Sociedad  de  Geografia,  Mozambique. 
30 :  Piickages  sent  by  mail. 
Caledonia:  Gordon  <&  Gotch,  London,  England, 
oimdland:  Postmaster  General,  St.  Johns. 

South  Wales:  Government  Board  for  International  Exchanges,  Sydney. 
)rlands :  Bureau  Scientiftque  Central  N<^erlandais,  Den  Ilelder. 
Zealand:  Colonial  Museum,  Wellington, 
agua:  care  Captain  J.  M.  Dow,  Panama. 
ay :  Kongelige  Norske  Frederiks  Universitet,  Christiauia. 
;iiay:  Government,  Asuncion. 
:  Biblioteca  Nacional,  Lima. 

ppino  Islands :  Royal  Economical  Society,  Manihi. 
ie«ia:  Department  of  Foreign  Atfairs,  Honolulu, 
igal:  Bibliotheca  Nacional,  Lisbon. 
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Qiioonsland:  GovornraoDt  Meteorological  Observatory,  Hrmbaue. 

Rouinauia:  (Same  as  Germany). 

Russia:  Commission  Riisse  ties   £chan<;eM  Intornatiouanx,  BibliothH|m;  Imp^friale 

Publique,  St,  Petersburg. 
St.  Helena:  Director  General,  Army  Medical  Department,  London,  England. 
San  Salvador:  Mnseo  Nacional,  San  Salvador. 
Servia:  (Same  as  Germany.) 
South  Australia:  General  Post-Office,  Adelaide. 
Spain :  R.  Academia  de  Cioncias,  Madrid. 

Sweden :  Kongliga  Svenska  Vetenskaps  Akademien,  Stockholm. 
Switzerland:  Central  Library,  Bern. 
Tasmania:  Royal  Society  of  Tasmania,  Hobarton. 

Turkey:  American  Board  of  Commi8sioner8  for  Foreign  Missions,  Boston. 
Uruguay:  Oficina  de  Deposito,  Rcparto  y  Canje  Internacional,  Montevid«^o. 
Venezuela:  University  Library,  Caracas. 
Victoria :  Public  Library,  Museum,  and  National  Gallery,  Melbourne. 


Appendix  A. 
TVannmiaHion  of  cichangeH  io  foreign  countries 


Country. 


Argentine  Repablio 


A  iiBtria-Hongary . 


Belgium 


Date  of  transmission,  etc, 


Bolivia 

Bra/U 

British  Colonies 

Cape  Colony 

China 

Chile 

Colombia 

Costa  Rica 

Cuba 

Denmark 


Dutch  Guiana 

East  India 

Ecuador 

Egypt 

France  and  Colonies 


Germany 


Great  Britain,  ot<i 


Ottolwr  13,  November  10,  December  16, 1891;  January  19,  April6,Joa« 

14, 1892. 
July  14, 25,  August  19,  September  3,  October  3, 14, 27,  November  6,19,23, 

December  8, 17, 23, 1891 ;  Janimry  13, 2.5.  February  5, 10, 17.  March  1, 4. 

11, 12, 25, 29.  April  11, 19, 30,  May  3, 23, 28,  June  20, 30, 1892. 
October  20,  November  12, 23, 1891 ;  January  15,  February'  1, 19,  March  2L 

April  2,  May  12,  Juno  6, 30, 1892. 
IX^cember  16, 1891. 

October  13,  November  10, 1891;  January  19,  April  16,  June  14,30.1882. 
October  29, 1891,  January  26,  June  17, 30, 1892. 
August  1,  Novemlier  16, 1891 ;  January  26,  June  16, 1892. 
January  18,  April  4,  June  10, 1892. 
October  13, 1891 ;  February  11,  April  6,  June  U,  30, 1882. 
October  13, 1891;  January  19,  April  6,  June  14, 1892. 
November  13, 1891 ;  January  23,  Juno  18, 1892. 
November  12, 1881 ;  January  23,  June  18, 1892. 
August  15,  November  4,  December  11,1891;  January  22,  February^ 

March  23,  April  2,  June  6, 1892. 

October  31,  Decora bt-r  4, 1891 ;  January  16,  April  5,  June  11, 1892. 

January  19,  April  6, 1892. 

June  16, 1892. 

July  17,  August  1, 18,  September  5,  October  7, 13, 23,  November  9, 16,20, 
December  10, 19, 23, 28,  1891 ;  January  15, 28,  February  10, 29,  March  5, 
12, 17, 28,  April  2, 19, 30,  May  6,  27,  June  16, 21, 29,  1892. 

July  14,  25,  August  19,  Septembers,  October  3, 14,27;  November  6.19, 
23.  December  8, 17, 23, 1891 ;  January  13, 25,  February  5. 10, 17,  March 
1,4, 11, 12, 25, 29,  April  11, 19, 30,  May  3, 23, 28,  June  20, 28, 1892. 

July  23,  AuguHtl,  19,31,  Scptoml>er  19,  October  9, 24, 29,  Novembers, 
10,  21,  Dei'cmbcr  4,  14,  20,  1891:   January  15,  26,   February  4,  15.  24 
March  3. 10, 14, 19. 20, 29,  April  12, 19,  30,  May  4, 17, 26, 31,  June  20,  29. 
1892. 
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Tran9mi89ion  of  exchanges  to  foreign  co«fi/ri«9— Contiuned. 


Coantrj'. 

Date  of  transmisAion.  etc. 

• 

ce 

Janaary  23,  February  3, 18»2. 
November  13, 1891 ;  June  18. 1892. 
November  12, 1891 ;  June  18, 1892. 

Novemh<)r  13    1891  •  March  A    1A09 

dunala 

i 

InrftM 

July  31.  August 20,  October  13, 16,  November 4,  20,  Decembers,  28, 1891 ; 

January  20.  February  1,  19,  March  14,  17,  April  1,  28,  May  10,  Juno 

2,  30. 1892. 
August  3,  November  4,  24,  1891 ;  January  18,  February  1,  April  4,  June 

10,  30,  1892. 
November  16, 1891 ;  June  — ,  1892. 
(By  registered  mail  ) 

October  31,  December  4,  1891;  January  16,  April  5,  June  11, 1892. 
October  22,  November  24,  December  28,  1891 ;  January  22,  March  22, 

April  11,  May  3,  Juno  3.  30,  1892. 
October  31,  December  4,  1891 ;  January  16,  April  5,  June  11,  1892. 
November  13,  1891;  Ju^e  18,  1892. 

August  15,  October  23,  December  14,  28,  1891 ;  April  9,  June  9.  30,  1892. 
Octolier  13,  1891;  January  19,  April  6,  June  14,  1892. 
October  31,  1801 ;  January  16,  April  5,  June  11,  1892. 
October  23,  December  12,  28,  1801 ;  February  3,  April  11,  June  9,  1892. 
October  31,  December  4, 1891 ;  January  16,  February  1,  April  5,  June  11, 

30.1892. 
(Included  in  Germany.) 

ID 

ri* 

ico 

lerlauds  and  Colonies. . . . 
r  ZniUDd              . ,    , , 

»IT 

mesia 

•^  ■■•"•*•""■■■*"■**"■• 
ensUnd 

mania 

Ria 

July  28,  October  14, 20,  November  11, 24.  December  28, 1891 ;  January  21, 

29,  February  20,  March  14, 15,  April  7, 26,  May  6,  June  4, 30, 1892. 
October  16, 1891. 

DoRiingo ................ 

Salvador 

November  13, 1891. 

ria 

th  Aaatralia 

(Included  in  Germany.) 

October  31,  December  4, 1891 ;  Januarv  16.  April  5,  June  11, 1892. 

in 

October  22,  November  23,  December  28,  1891;  January  21,  February  3, 

April  9,  June  4, 1892. 
July  28,  October  20,  November  11,  24,  Dec<;mber  28,  1891;  January  21, 

29,  March  16,  April  7,  May  6.  June  4, 30, 1892. 
October  22,  November  16,  December  11, 28,  1891 ;  January  21,  February 

1. 23,  March  21,  April  8,  Juno  6, 30,  1892. 
January  16,  April—,  1892. 

iden 

txerland 

mania 

rkey 

November  19, 1891;  January  23,  June  17, 1892. 

tgnay 

October  13,  December  16, 1891 ;  June  14. 1892. 

lezaela 

October  13, 1891 ;  January  19,  April  6,  Juno  14, 1892. 

October  31,  December  4, 1891 ;  January  16,  February  1,  April  5,  June  11, 

toria 

»t  Afric* 

1892. 
October  16, 1891. 

hjpments  to  India,  New  8onth  Wales,  Victoria,  New  Zealand,  Tasmania,  and 
wn  agents  were  made  in  bundles  inclosed  in  case  number  838,  June  30, 1892. 
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Shipments  of  United  States  Congressional  publications  were  made  on  Angnsfc 
26,  November  24, 1891;  February  29,  May  17, 1892,  to  the  Governments  of  the  follow- 
ing  named  countries : 


Argentine  Republic, 

Colombia, 

Austria, 

Denmark, 

Had  en, 

France, 

Bavaria, 

Germany, 

Belgium, 

England, 

Bnenos  Aires, 

Greece,  t 

Brazil, 

Haiti, 

Canada  (Ottawa), 

Hungary, 

Canada  (Toronto), 

India, 

Chili,* 

Italy, 

Japan, 
Netherlands, 
New  South  Wales, 
New  Zealand, 
Norway, 
Peru, 
Portugal, 
Prussia, 
Queensland, 


Saxony, 

South  AuBtr&lift, 

Spain, 

Sweden, 

Switzerland, 

Tasmania, 

Turkey, 

Venezuela, 

Victoria, 

Wiirteniberg, 


Russia, 

The  distribution  to  foreign  countries  was  made  in  846  cases,  representing  283  tnDS- 
missions,  as  follows : 

Argentine  Republic 15 

Austria-Hungary 53 

Belgium 25 

Bolivia 1 

Brazil 11 

British  Colonies 5 

Cape  Colony 4 


China 3 

Chile 7 

Colombia 4 

Costa  Rica 3 

Cuba 3 

Denmark 12 

East  India 9 

Ecuador 2 

Egypt 2 

France  and  Colonies 109 

Germany 139 

Great  Britain 149 

Greece 2 

Guatemala 2 

Haiti 2 

Honduras 4 

Italy 56 

Japan 16 

Liberia 2 


Mexico  (by  mail). 

New  South  Wales W 

Netherlands 30 

New  Zealand ^ 

Nicaragua 2 

Norway 15 

Peru * 

Polynesia * 

Portugfal fi 

Queensland H 

Roumania  (included  in  Germany). 

Russia 37 

San  Domingo ^ 

San  Salvador 1 

Servia  (included  in  Germany.) 

South  Australia ^ 

Spain I* 

Sweden 22 

Switzerland ^ 

Tasmania ^ 

Turkey ^ 

Uruguay ^ 

Venezuela * 

Victoria ^ 

West  Africa ^ 


RKCAPITULATIOX. 


169 
846 


Total  Government  shipments 

Total  miscellaneous  shipments 

Total  shipments 1»^^^ 

Total  shipments  last  year ^ 

Increase  over  last  year ^ 

Very  respectfully,  yours, 

W.  C.  WiNLOCK, 

Curator  of  Exrhanget- 
I.Ir.  S.  P.  Laxglky, 

Secretary  of  the  ^Smithsonian  Institution. 

*No  shipment  made  to  Greece  on  May  17,  1892. 

fTwo  special  Government  oases  were  sent  to  Chili  on  February  11,  1892. 
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Appendix  III. 

REPORT  OF   THE    ACTING  MANAGER  OF  THE   NATIONAL   ZOOLOGICAL 

PARK. 

Sir:  I  have  the  honor  to  sabmit  the  folio wiug  report  of  the  operations  of  the 
National  Zoological  Park  for  the  fiscal  year  ending  June  30,  1892 : 

At  the  close  of  the  last  year  the  park  had  hut  jnst  been  occupied  by  the  animals 
of  the  collection.  The  experience  of  the  present  season  has  been  valuable  as  indi- 
cating the  lines  along  -which  development  shonld  proceed. 

The  main  road  having  been  laid  out,  the  permanent  locations  for  the  animals 
were  established  at  convenient  distances  near  it.  The  bridge  across  the  creek  was 
oontraeted  to  be  built,  and  a  temporary  bridge  established  until  such  time  as  the 
pennanent  stmctore  should  be  completed.  The  work  of  completing  the  bear  yards 
was  also  continued. 

On  September  5,  a  disastrons  rain  storm  occurred,  during  which  Rock  Creek,  the 
•mall  stream  that  flows  through  the  park  rose  to  a  height  nearly  equalling  that  which 
it  reached  at  the  time  of  the  famous  Johnstown  flood  in  1890.  The  rise  was  extra- 
ordinarily rapid,  being,  according  to  the  watchmen  of  the  park,  at  the  rate  of  6  feet 
within  two  hours.  Within  a  short  time  a  cavity  10  feet  deep  was  excavated  by  the 
stream  alongside  of  one  of  the  bridge  piers,  undermining  one  of  its  corners,  the 
temporary  bridge  was  swept  away,  a  largo  quantity  of  earth  and  rock  was  precipi- 
tated from  the  cliff  above  into  the  bear  pits,  the  banks  of  the  creek  were  eroded  and 
a  considerable  amount  of  filling  washed  away,  and  the  roads  and  gutters  of  the 
park  recently  laid  were  cut  out  and  injured  to  a  very  great  extent.  The  cost  of 
Impairing  the  damages  thus  occasioned  was  nearly  $5,000,  a  sum  that  could  not  well 
^  spared  Arom  the  scanty  appropriation,  and  the  loss  embarrassed  the  park  very 
Mirioasly  during  the  entire  season. 

The  bridge  pier  damaged  by  the  storm  was  rebuilt  and  this  delayed  the  final  com- 
pletion of  the  bridge,  which  was  not  finally  opened  for  travel  until  about  October  1. 

for  the  same  reason  the  occupation  of  the  bear  yards  was  postponed  until  a  retain- 
ingwall  much  larger  and  stronger  than  had  been  anticipated  could  be  built,  it  be- 

ft 

iDg  considered  dangerous  to  place  the  animals  in  yards  where  some  tons  of  rock  and 
earth  might  fall  after  any  serious  storm. 

The  main  animal  house,  although  far  from  complete,  was  hastily  prepared  for  the 
''Option  of  animals  by  closing  it  up  with  temporary  work  and  substituting  for  the 
^tal  roof  designed  by  the  architect  a  felt  roof  of  cheap  cons  true  ti  on.  The  comple- 
tion of  the  tower  at  the  eastern  end  was  deferred  until  more  funds  should  be  avail- 
»ble. 

As  soon  as  the  cooler  autumn  weather  set  in  the  number  of  visitors  to  the  park 
?^tly  increased.  There  was  during  each  Sunday  of  October  and  until  nearly  the 
1^  of  November  an  average  attendance  of  about  7,000  jieople  each  Sunday,  the 
'lumber reaching  over  10,000  on  some  particularly  line  days.  The  daily  attendance 
Qiiring  the  week  was  considerably  less. 

"^U  large  influx  of  visitors  tested  the  arrangements  which  had  been  made,  and 
^*y  were  found  wanting  in  several  respects.  The  bridge  was  found  to  be  too  nar- 
^ow  and  dangerous  for  foot  passengers.  The  road  was  in  some  localities  so  narrow 
^*i*t  it  became  inconveniently  and  dangerously  crowded.  The  number  of  watchmen 
^  fonnd  to  be  entirely  inadequate,  and  the  crowd  was  so  great  in  the  principal 
^'^^  house  as  to  be  extremely  uncomfortable. 
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To  remedy  this  state  of  affairs  it  seemed  uecessary  to  place  footways  upon  the 
bridge,  to  relieve  the  main  roadway  by  making  side  roads  and  walks,  to  enlarge  the 
ground  plan  of  the  animal  hoase,  and  to  pro\ide  more  ample  means  of  exit.   It 
seemed  best  also  to  remove  from  the  house  as  many  animals  as  could  l>e  properly  ac- 
commodated in  quarters  outside,  both  for  the  convenience  of  the  public  and  the  health 
of  the  animals. 

The  limited  means  at  the  disposal  of  the  park  did  not  permit  the  full  completion 
of  this  plan.  New  roadways  were  cut  out  and  new  sidewalks  built,  an  addition  to 
the  animal  house  was  comineuced  in  the  shape  of  a  large  wooden  shed  situated  o>d 
the  north  side.    Ncme  of  these  were  entirely  completed  at  the  close  of  the  fisc^  ycar- 

A  grading  plan  for  a  portion  of  the  park  was  furnished  by  Mr.  F.  L.  Olmsted- 
This  contemplated  the  excavation  of  a  large  pond  for  aquatic  animals  upon  the 
meadow  west  of  the  bridge,  the  shaping  up  of  the  banks  of  the  creek  and  their  pro- 
tection from  erosion  by  means  of  riprap  and  the  formation  of  a  smaller  pond  to  the 
north  of  the  road  near  the  main  entrance.  But  little  of  this  could  be  done  during^ 
the  year,  the  expenses  of  preparing  the  winter  (quarters  of  the  animals  being  sacls 
that  all  surplus  funds  were  exhausted.  It  was  indeed  found  necessary  to  limit  tbe^ 
expenditures  to  the  barest  necessities,  and  although  an  additional  appropriation  of 
$1,000  was  made  by  Congress  it  was  with  difficulty  that  the  park  was  maintained 
until  the  end  of  the  year.  The  force  of  employ <^.s  was  reduced  to  the  lowest  possi- 
ble number,  and  every  device  was  used  to  insure  the  ntrictest  and  most  parsinionion^ 
economy. 

The  scantiness  of  the  resources  of  the  i>ark  made  it  necessary  to  postpone  any  pnr— 
chases  of  animals,  and  the  collection  has  therefore  increased  but  slowly.  There  were 
on  June  30,  448  living  animals  in  the  collection,  of  which  320  were  mammals,  63  bird*, 
and  65  reptiles.  A  catalogue  of  the  additions  made  is  appended  hereto.  Niuety-siic 
animals  have  been  presented  to  the  park  during  the  year,  of  which  43  were  mam- 
mals, 26  birds,  and  27  reptiles. 

The  insufficient  nature  of  the  temporary  quarters  in  which  it  has  been  necessary  to 
keep  the  animals  has  led  to  a  considerable  mortality.     Besides  this,  it  is  found  thfrt^ 
many  specimens  do  not  survive  the  fatigue  and  excitement  of  the  journey  necessary  t<» 
reach  the  park,  and  they  succumb  shortly  after  their  arrival  here.     The  most  alarm- 
ing mortality  has  been  that  of  the  liears,  two  of  which  died  from  injuries  received,  two 
others  from  pulmonary  trouble.     While  the  bear  yards  are  certainly  picturesqnea!i<i 
effective  from  the  landscape  architect's  point  of  view,  it  is  believed  that  they  are  not 
now  proper  sanitary  dwellings  for  the  animals,  as  they  are  constantly  damp,  are  tor* 
cold  in  winter  and  too  hot  in  summer.     It  is  intended  to  take  measures  to  remedy 
their  defects. 

Owing  to  the  small  number  tif  watchmen  necessiirily  employed,  one  <»f  the  Iw'^'^ 
escaped  by  climbing  up  a  nearly  perpendicular  wall  over  50  feet  high.  He  was  pnr- 
Hue<l  and  an  attempt  was  made  to  capture  him.  This  was,  however,  unsuccessful  »'>" 
it  was  found  nec^essary,  finally,  to  shoot  him. 

The  elephants  have  continued  constantly  to  gain  iu  weight  since  arriving  at  tue 
park.     "  Dnnk"  now  weighs  7,260  pounds,  having  gained  1,110  pounds.     "Golddnst 
weighs  4,920  pounds,  having  gained  860  pounds. 
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List  of  animah  presented. 


Name. 


in  monkey 


Donor. 


Mrs.  Hendrickaon.  Alexandriti,  Va.  (loaned) 

KnAign  Hogcr  Wt'lleu,  jr.,  U.  S.  Navy 

Capt  G.  C.  Uoane,  San  C'*irlo«,  Aria 

R.  M.  Lee,  Buckland,  Va , 

George  Fox,  New  Lisbon,  Ohio 


Num- 
ber of 
speci- 
mens. 


J 

» — 
X  ... 
nodi 


9 

Mur 

» 

on  bear 
bear ... 


»deer 


jnerican  deer 
in  beaver 


I  gray  sqnirrol 

sqnirrel 

dog 

lUck 

^t 

llo 


II. 
u. 
II 


0 , 

eagle 

gle 

'  hawk... 

hawk 

lawk 

0 

0 

0 , 

l^hawk. 


owl 
0... 


H.  Petersen,  Washington,  D.  C 

C.  O.  Chenault,  Jersey  City,  N.  J 

Prof.  H.  A.  AV  ard,  Rochester,  N.  Y 

Miss  Margaret  Kiewit,  Nokesville,  Va 

Miss  Bessie  Elliot,  Washington,  1).  C 

J.  R.  Thomas,  Wli  ittier,  N.  C 

C.  S*  Hayes,  Anm;ostia,  D.  C 

Lieut,  (f .  P.  Alicni,  Fort  Mifisonla,  Mont 

Capt.  G.  S.  Anderson,  Mammoth  Hot  SpringH,  Wyo 

Hon.  R.  M.  Bartlemnn.  Caracas,  Venezuela 

Hon.  J.  H.  Starin,  New  York  City 

Thiiddens  Surber,  Whit<»-  Sulphur  Springs,  Va 

11.  W.  Maxfield,  Bangor,  Me ! 

Hon.  R.  M.  Bartleman,  Caracas,  Venezuela I 

U.  S.  Agricultural  Experiment  Station,  Nebraska,  through  Prof. ! 

C.  V.  Riley,  Washington,  D.  C 

Ensign  Roger  Welles,  jr.,  U.  S.  Navy 

Hon.  R.  M.  Bartlemen,  Caracas,  Venezuela ■ 

Mr.  Greaves.  Port  of  Spain,  Trinidad 

Ensign  Roger  Welles,  jr..  IT.  S-  Navy 

W.  H.  Volandt,  Washington,  D.  O ■ 

Ralph  Saers.  Mount  Ph^asant,  D.  C 

Miss  Edith  A.  Barnes,  Soabrook,  Maryland 

.T.  A-  Rubort,  Washington,  1).  C | 

C.  C.  Zahn,  Washington.  D.  C ; 

Wm.  Taylor,  San  I>i«'go,  INxns I 

A.  C.  Downs,  Realitos,  Texas 

Pnif.  R.  T.  Hill,  U.  S.  Geological  Survey 

Hon.  R.  M.  Bartlemen,  Caracas,  Venezuela 

W.  H.  Bttbcock,  Washington,  I).  C 

S.D.  Caldwell,  Bethesda,Md 

J.  W.  Hewlett,  Washington,  D.C 

Pnwident  Harrison,  Washington,  1),  C , 

Capt.  H.  S.  Barbour,  Waahington,  D.  C 

C.  O.  Chenault,  Jersey  City,  N.J 

G.  Boegeholz,  Wasliington,  D.  C 

E.  C.  Call,  Laurel,  Md 

E.  B.  Clark,  Washington,  D.  C 

G.  B.  Coleman,  Washington,  D.  C 

G.  W.  Simpson,  Washington,  D.  C 

H.  W.  McGeorgc,  Washington,  D.  C 

J.  L.  Davison,  Lockport,  N.  Y 

Dr.  T.  E.  Butler,  Glen  Allan,  Miss 

E.  JoliuAou,  Washington,  D.  C 

W.  L.  Bishop,  Washington,  D.  C 


Y2 
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IJsf  of  animah  presented — Coiitiuned. 


Name. 


Great-  homed  owl 

Do 

Screech  owl 

Do 

Common  crow 

American  magpie 

Golden-winged  woodpecker 
Bine  and  yellow  macaw  — 

Green  parrot 

Gaan 

Carasaow 

Whit©  ibis 

Black-crowned  night  heron . 

Sandhill  crime 

Alligator 

Do 

Do 

Do 

Do 

Do 

Caiman 

Soft-ahelled  turtle 

Snapping  turtle 

Do  

Turtle 

Chuck  molly  lizard 

Homed  toad 

Do 

Diamond  rattlesnake 

Tiger  rattlesnake 

Ground  rattlesnake 

Water  moccasin 

Copperhead 

Kin^  snake 

l>o 

Do 

Black  snake 

Do 

Do 

Whip  snake 

Hog-nosed  snake 

Boa 


Donor. 


Nam- 
I  bet  of 
'Sped- 

mens. 


Employes  of  H.  £.  Burgess,  Washington,  D.  C 

P.  T.  Bell,  Conowingo  Md 

Mrs.  Babcock,  \N^ashington,  D.  C 

J.  J.  Mahoney,  Washington,  D.  C 

Mrs.  Wheeler,  Washington,  D.  C 

E.  S.  Sohmid,  Washington.  D.  C.  (loaned) 

Cortez  Daniel,  Leesbnrg,  Va 

D.  M.  Cranford,  Washington,  I).  C.  <lonQ(xl) 

Mrs.  Williams,  Washington,  I).  C.  (loaned) 

Hon.  C.  I.  Croft,  Cartagena,  Colombia,  South  America 

W.  C.  Butler,  Washington,  D.  C 

A.  M.  Nicholson,  Orlando,  Fla 

E.  Lyons,  Washington.  D.  C 

Mrs.  M.  C.  Rerdell,  Orlando.  Fla 

W.  E.  Wilson,  Orange  Point,  Fla 

Latta  Griawold,  Washington,  D.  C 

Sterrett  Bros.,  Washington,  D.  C 

Sir  Julian  Paoncefote,  Washington,  D.  C 

U.  S.  Fish  Commission  (loaned) 

S.  C.  Williams,  Washington,  D.  C 

Ensign  Boger  Welles,  jr.,  U.  S.  X 


H.  T.  Leipold  and  A.  M.  Rock,  Brookside,  W.  Va. 


C.  O.  Chenault,  Jersey  City,  N.  J 

Dr.  M.  M.  Crocker,  Fort  Mojave,  Ariz 

A.  T.  Gage,  Washington,  D.  C 

Dr.  R.  E.  C.  Steams,  San  Diego,  Cal 


Dr.  M.  M.  Cro<^ker,  Fort  Mojave,  Aria 

Capt.  Henry  Ronieyii,  Mount  Vernon  BaiTattks,  Ala. 

do 

L.  H.  Brilton, ,  Ohio 


Dr.  Z.  T.  Daniels,  Cheyenne  Agency,  Dakohi 


Capt.  Henry  Roraeyn,  Mount  Vernon  BaiTsioka.  Ala. 

do 

L.  P.  Weedon,  Washington.  D.  C 

J.  P.  Stabler 

Capt.  Henry  RomejTi,  Mount  Vernon  Barracks.  Ala. 

do 

Ensign  Roger  Welles,  jr.,  U.  S.  N 
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List  of  accessions. 


Nanip. 


Speci- 
mens. 


Cercopithecwt  diana) . . 

otJirix  humboldtii) 

ey  (Ctlnui  eapveinua.) . 

hypole%te%ui) 

pitheeus  trivirgatuM)  . . 

hrix  seiureug) 

*€Uejae€kut) 


rdalis) 

pat  (Lynx  rufun) 

itrant) 

fulmu) 

}e»  lagopuB) 

»  virginiitnu*) 

*9  velox) 

:r  (Taxidea  amerieana)  . 
(Mephitis mephUiea)  ... 

(lAttra  eanadenHt) 

'sut  horribilit) 

u*  amerieantu) 

ar  ( Urnu  amerieanu») . . 
'nuaretot  jnaritimuM) . . . 

m  lotor) 

i«tu»  rt^fa)  

<uua  nariea) 

iepUs  caudivobndus) 

1**) 

(Bison  atnerieanus) 

ope  (Antiloeapra  ameri- 


ipra  hireus  angorentin)  . 

ariaeus  tnrginianuM) 

deer  ((kMS/tus  np.) 

ichlis) 

•  ( THeo/yUs  tajat^u) 

(SciuropteruM  volueella) . 

uirrel 

(Spemwphilus  tritlecim- 


lomys  Utdovieianuu) 

etomjfs  Monax) 

r  (C€Utor  canadensis) 

zibethictts) 

reUtus)  

mus  coypu) 

epus  cunicvlits) 

(Syntheres  prehemdlis) . . . 

•oehcents  eapybara) 

•  paea) 

tela  agtiti) 

9roeta  aeouehy) 

ia  aperea) 

ilyrmecophaya  jubcUa) . 


1 

1 

2 
'» 

1 
3 
5 
1 
4 
3 
4 
7 
1 
2 
8 
3 
3 
1 
1 
2 
1 
2 
7 
1 
1 
2 
1 
1 

3 
1 
5 

:\ 
1 


n 


1 

2 
33 

r.2 
1 
1 

14 
o 

1 

6 
1 
1 
1 

10 
3 

11 
1 


Xamt». 


Sp«c'i 
meiiH. 


Peba  armadillo  (Tatusia  novemeineta)  . . . 

Opossum  (IHdelpkys  virginiana) 

Bald  eagle  (Haliceetus  leueoeephalus) 

Golden  eagle  (Aquila  chrgsastos) 

Sparrow  hawk  (Falco  sparveritu) 

Pigeon  liawk  (Falco  eolumbarius) 

Eed-tailed  hawk  (Butco  borealis) 

Marsh  hawk  (Circus  hudgonius) 

Groat  horned  owl  (Bubo  virginianus) 

Barred  owl  (Symium  nebulosum) 

Screech  owl  (Megaseops  asio) 

American  magpie  (Pica  pica  hudsonica)  . 

American  crow  (Corvus  amerieanus) 

Golden  winged     woodpecker     (Colaptes 

auratus) 

Yellow  and  blue  marcaw  (Ara  ararau- 

nea) 

Green  parrot 

Parrakeet 

Crested  curasso  w  ( Crax  alfctor) 

Sandhill  crane  (Qrus  mexicana) 

Black-crowned  night  heron  (Nyeticoraa- 

nycticorax  ncevius) 

Scarlet  ibis  (Quara  rubra) 

White  ibis  (Guaraalba) 

Gannet  (Sula  ba^tana) 

Alligator  C  J.  Ut^otor  mississippiensis) 

Caiman  (Jacaresclerops) 

Soft-8lielle<l  turtle  ( Aspidonectes  ferox)  . . 

Snapping! urtle  (Chelydra  serpentina)  .. 

Paint«d  turtlo  ( Chrtfsemys pieta)  .'. 

Chuck -molly  (Sauromaltts  ater) 

Marbletl  polychnis  (Polyehrus  inantMr- 
atus) 

noruwl  toad  (Phrynosoma  douglassii)  . . . 

Soiitli  American  lizards  (uu-named) 

Banded  rati\viHiiakv>  (  Crotalvs  Jtorridus)  . 

Ditimond  rattlesnake   (Crotalas  adman- 
t^ixts) 

Ground  rattlesnake  ( Caudiftona  miliariti) 

Water    moccasin    ( Ancistrodon  piseivo 
TUS) 


Copperhejul  ( Ancintrodon  eontortrix)  . . . 

King  snake  ( Ophibolus getulus) 

liing-ueckMl  anakc(IHadopkispunctatus)\ 

Black  snake  (Batteaniutn  constrictor) 

Coach- whip  snake  (Baxcanium  Jfagelli- 

fornxe) 

Common  boa  (Boa  constrictor) j 

I 
Anaconda  (Eunedes  murinus) < 

Garter  snake  (Eutamia  sirtaUs) 

Hog  nose  snake  (Ileteodonplatyrhinus) . . 

Small  South  American  snakes  (uuuamc<l)  1 

i 

South  American  batrachians  (unnamed)  .1 


5 


1 

1 

2 

1 

2 

4 
2 

2 
6 
8 
1 


1 
9 
1 

4 
2 

1 

3 
2 
1 
8 
1 
1 
2 
3 
7 


5 


23 
1 

3 
3 

1 
2 
1 
1 
5 

2 
3 
1 
1 
1 

19 
16 


ifiiUy  submitted, 

Frank  Bakkr,  dieting  Manacjw. 
.  P.  Langlky,  Smithsonian  Institution. 
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Appendix  IV. 
REPORT  OF  THE  LIBRARIAN  FOR  THE  YEAR  ENDING  JUNE  30,  1892-- 


Sir:  I  have  the  honor  to  subiujt  herewith  the  report  on  the  library  of  the  Smitf 
soniau  Institution  during  the  year  ending  June  30,  1892. 

The  operations  of  the  library  have  been  conducted  as  in  the  two  preceding  ye^X'£^ 
The  entry  numbers  in  the  accession  book  extend  from  225,586  to  246,109. 

Following  is  a  statement  of  the  volumes,  parts  of  volumes,  pamphlets,  and  charts 
received  during  the  year : 


PtthlicaUans  received  heiween  July  1,  ISOl^  and  June  >'k),  189i. 


Octavo  or  '  Quarto  or 
Muialler.    ,      larger. 


Volames 

Parts  of  volumfis. 

Pawpblete 

Charts 


1,320  I 
7,631  I 
3,087 


Total 


669 
16,098  ; 
502  I 


I 


Total. 

1,989 

2:t,729 

3,5B9 

621 

29.928 


Of  these  publications,  297  volumes,  6,363  parts  of  volumes,  and  774  x)amphlet8 — 
7,434  in  all — were  retained  for  use  in  the  National  Museum. 

Eight  hundred  and  fifty-seven  medical  dissertations  were  deposited  in  the  library 
of  the  Surgeon-General,  U.  S.  Army ;  the  remaining  publications  were  sent  to  the 
Library  of  Congress  on  the  Monday  after  their  receipt. 

In  carrying  out  the  plans  formulateil  by  the  Secretary  for  increasing  the  library  by 
exchanges,  803  letters  asking  for  publications  not  on  our  list,  or  siskingfor  numbers 
to  complete  the  series  alreiwly  in  the  library,  have  been  written.  As  a  result  of  this 
corresj)ondeuco  it  gives  me  pleasure  to  report  that  444  new  excliangi's  were  acquire<l 
by  the  Institution,  while  220  defective  series  were  completed  either  wholly  or  jw  fur 
!W  the  publishers  were  able  to  supply  missing  parts. 

Below  is  a  c<miparative  statement  of  the  operations  of  the  lilirury  since  .Tune  30, 
1889: 

Number  of  puhlicaiions  received. 


Volumes 

Parts  of  volumes 

Pamphlets 

Charts 

Total 


1889-'90. 

1890- '91. 

1891-'92. 

1,763 

2,  (>81 

1,989 

13, 458 

20,525 

23,729 

4, 330 

3, 769 

3,5S9 

!                636 

319 

621 

20, 187 

27,294 

SK),928 
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'rixo  ibllowing  uiiiversities  have  sent  complete  lists  of  all  their  academic  pubHcu< 
tious  z 


Basel, 

Bern, 

Bonn, 

Christiania^ 

Dorpat, 

£rlaugeu, 

t^eiberg,  Br., 

Giessen, 

Gottingen, 


Halle  a  S., 

Heidelberg, 

Helsingfors, 

Jena, 

Kazan, 

Kiel, 

Leipsic, 

Lou  vain. 


Lund, 

Marburg, 

Strassburg, 

Tubingen, 

Vienna, 

Wiirzburg, 

Utrecht, 

Ziirich. 


The  following  publications  have  been  added  to  the  list  of  regular  Hcrials : 


A  A  Notes  (Archit's*  Assoc. )»  London. 
Acts  of  the  Parliament  of  South  Austra- 
lia, Adelaide. 
Actes  Soci^t<^  Simico-Japonaise,  Paris. 
Agricultural  Science,  State  College,  Pa. 
Amateur  Sportsman,  New  York. 

American  Amateur  Photographer,   New 
York. 

American  Anthropologist,  Washington, 
D.  C. 

American  Cyclist,  Hartford,  Conn. 

American  Florist,  Chicago. 

American  Gardening,  New  York. 

American  Jeweler,  Chicago. 

American    Journal  of    Philately,    New 
York. 

American  Naturalist,  Philadelphia. 

American  Notes  and  Queries,  Philadel- 
phia. 

Analele  Academa  Romana,  Bacharest. 

Auales  de  la  Universidad    Central  del 
Ecuador,  Quito. 

Anales    de    la    Universidad    de    Monte- 
video. 

Annaes  BibliotecaNacional,  Rio  Janeiro. 

Annalen  der  Physik  und  Cheniie,  Leipsic. 

Anuales  de  Chimie  et  de  Phy8i({ue,  Paris. 

Annals  of  Scottish  Natural  History,  Edin- 
burgh. 

Anuuaire,  Socidt^^des  etudes juives,  Paris. 

Atinuaire    i8ni^lit4*,    Sociotd  des  etudes 
jnives,  Paris. 

Anuuaire  St^itistitiue  dcs  Pays-Bsis,  Am- 
8t«rdam. 

Auntial    R<q>ort     Agricultural     liureau, 
Adelaide. 

Annual    Report  Chiswick    Free    Public 
Library. 

Annual  Report  Department  of  Agricul- 
ture, Brisbane. 

Annual  Report  Dep't  of  Mines,  Sydney. 

Annual   Report  Gordon  Technical  Col- 
lege, Geelong,  Australia. 

Annual  Report  and  Prospectus  School  of 
Minos,  Stawell,  Australia. 

Annuario  Scolastico    Regia  University, 
Parma. 

Annuario    Society  Reale    Academia    di 
Archeologia,  Naples. 

An t iq  uitaten-Zei  tach  rift,  Strassburg. 

Anaario,  Asociacion  de  Ingenieros  Indus- 
tnales,  Barcelona. 


Archief  Zeeuwsch  Genoot«chap  der  We- 

tenschappen,  Middelburg. 
Archives  des  Sciences  Biologiques,   St. 

Petersburg. 
Argus  Annual,  Cape  Town. 
Army  and  Navv  Journal,  New  York. 
L'Artetriddie,' Paris. 
Artist  Printer,  Chicago. 
Atcneo  Italiano,  Rome. 
Atti  Societs\  Reale  Accademia  di  Arche- 
ologia, etc.,  Naples. 
Babylonian  and  Oriental  Record,  Lon- 
don. 
Bacteriological    Worhl,     Battle    Creek, 

Michigan. 
Baptist  Quarterly  Review,  New  York. 
Beiblatter  zu  den  Annalen  der  Physik 

und  Chemie,  Leipsic. 
Ber^manns  Kalender,  Saarbriicken. 
Bericht  des  akademischen  Vereins  dout- 

scher  Historic,  Vienna. 
Berichte    der    bayorischeu    botanischen 

Gesellschaft,  Munich. 
Berichte     der     dentschen     chcmischen 

Gesellschaft,   Berlin. 
Bible  Advocate,  Birmingham. 
Bible  Society  Record,  New  York. 
Bibliographic  des  Travaux  Historiques 

et  Arch^^^ologiques,  Paris. 
Bibliotheca  Puilulogica  Classica,  licrlin. 
Bicycling  World,  Boston. 
BlackHmith  and  Wheelwright,  N.  Y. 
BIackwo<)d's  Edinburgh  Maga/.ine. 
Body  and  Soul,  Cardiff. 
Boletim  de  la  Sociedade  Broteriana,  Co- 

imbra. 
Boletim  Soclediule  de   Goographia,   Rio 

Janeiro. 
Boletim  de  Agricultura,  Mineria  elndus- 

trias,  Mexico. 
Boletin  Bibliographico  y  Escola,  Mexico. 
Boletin  de  la  Instituciou  Libre  de  Ense- 

fianza,  Madrid. 
Boletin  de  la  Real  Academia  de  Ciencias 

y  Artos,  Barcelona. 
Boletin  de  la  Sociedad  Geogr^fica,  Lima. 
Bollettino  Mensile  della  Situazione  dei 

Conti,  etc.,  Rome. 
Bollettino    delle  Pubblicazioui  Italiane, 

Florence. 
Bollettino  della  Reale  Accademia  Medica, 

Genoa. 
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BoUettino    della    SociotJk    Adriatica    di 

Scienze  Natural!,  Trieste. 
BoUettino  della  Societa  di  Natiiralisti, 

Naples. 
BoUettino  della  Societil  Romana  |)er  gli 

Studi  Zoologica,  Rome. 
Book  Bnyer  and  Seller^  Cincinnati. 
Book  Shop,  New  York. 
Books,  Denver. 
Brazilian  Missions,  Brooklyn. 
Breeder  and  Sportsman,  San  Francisco. 
British  Natnraiist,  HaHlcpool. 
Buletin  Societatea  Geogratica  RomA.na, 

Bukarest. 
Bulletin  A6ronautique,  Paris. 
Bulletin   Agricultural  Experiment   Sta- 
tion, Reno,  Nevada. 
Bulletin      Association      Polytechni<iuo, 

Paris. 
Bulletin  Astrouoniiqne,  Paris. 
Bulletin  of  the  Botanical  Department, 

Kingston,  Jamaica. 
Bulletin    Commission  Arch<^ologique   de 

Nar  bonne. 
Bulletin  Cornell  University  Experiment 

Station,  Ithaca. 
Bulletin    Department    of    Agriculture, 

Toronto. 
Bulletin    of  the    Geological   Society  of 

America. 
Bulletin    of  the  Library  and  Museum 

of  Laurent  College,  Montreal. 
Bulletin  Mensuel  des  Publications  (^tran- 

Scres,  Paris, 
letin  Mensuel  Statistique  Municipale, 
Buenos  Aires. 

Bulletin  dii  Ministere   de   rinstruction 
Publique,  Brussels. 

Bulletin  New  York  Mathematical  Society, 
New  York. 

Bulletin   Ontario    Agricultural    Experi- 
ment Farm,  Toronto. 

Bulletin    Pennsylvar.ia     State     College 
Agricultural  Experiment  Station. 

Bulletin  Soci<'»t<^  d  Agriculture  du  D6])t. 
du  Cher,  Bourges. 

Bulletin  dv.  la  Socio ti^  Fran^aisi^  de  Pliy- 
8i(|ue,  Paris. 

Bulletin    de  la   Soci<^t<S   d'Hi^toire   et 
d^ArchtSologie,  Geneva. 

Bulletin  de  la  Soci^t^^  d'Horticulture  du 
Doubs,  BesauQon. 

Bulletin  Soci^t4^  RoyaleLinn<^enne,  Brus- 
sels. 

Bulletin  Soci<5t<5  de  Statistique  des  Sci- 
ences Naturelles,  Grenoble. 

Buletiuul  Observatinmilov  Meteorologici 
din  Romania,  Bucharest. 

Bye-Gones,  Oswestry,  England 

Calabria,  Monteleone,  Italy. 

Cambridge  University  Reporter. 

Canadian  Bee  JouiTial,  Beeton,  Ontario. 

Canadian  Entomologist,  London,  Onta- 
rio. 

Canadian  Patent  Office  Record,  Ottawa. 

Canadian  Poultry  Journal,  Beeton,  On- 
tario. 

Canadiana,  Montreal. 

Cape  Times,  Cape  Town. 

Capitale  (now  L^Universelle),  Paris. 


Carpet  ami   Upholstery  Trade  Review, 

New  York. 
Carpentery  and  Building,  New  YorV. 
Carrier  Dove,  San  Fraucisco. 
Casopis  pro  prumysl  chemicky,  pKigiie. 
Cassier's  Magazine,  New  York. 
Cesky  Lid,  league. 

Chinese- American    Advo<;ate,    Philadel- 
phia. 
Christian  Recorder,  Philadelphia. 
Christian     Worker,    Manchester,    Eng- 
land. 
C'hronique  Industrielle,  Paris, 
('hurcli  and  Home  Magazine,  London. 
Cburch  Union,  New  York. 
Circular  System,  Oakland,  California. 
Circular   Leland  Stanford,  Jr.,  Univer 

sity,  Palo  Alto,  California. 
Civics,  New  York. 
Civil  Service  Record,  Boston 
Clay  Record,  Chicago. 
Clay  Worker,  Indianapolis. 
Coliector  (monthly),  New  York. 
Collector  (semimonthly),  New  York. 
Collector's      Monthly,      Danielsonrille 

Conn. 
College  Echo,  Austin,  Tex. 
Compass,  New  York. 
Comptes  Rendus  des  Stances  de  lu  Soci^tt 

Am^ricaine,  Paris. 
Comptes  Rendus  de  L*Ath^n^e  Louisia 

nais,  New  Orleans. 
Conchologist,  St.  Andrews,  Scotland. 
Congo  Illustr6  (Le),  Brussels. 
Conti^mporary  Review,  London. 
Contributions  Historical  Society.  Helena 

Mont. 
Comhill  Magazine,  London. 
Crank,  Ithaca. 
Culture,  Bombay. 
Current  Review,  New  York. 
Darkest  Russia,  London. 
Dedhani    Historical    Register,  Dwlhft^ 

Mass. 
Deutsche  Zuckerindustrie,  Berlin. 
Discovery,  London. 
Documente  privitor  la  Istoria  Romania 

culese  de  Endoxin,  Acadeniia  RomJ^* 

Bucharest. 
Droit  d'Auteur  (Le),  Berne. 
Ecclesiastical  Chronicle,  London. 
Echo  Polyglotte  (L'),  Paris. 
Economista  Espaflol  (El),  Barcelona. 
Edinburgli  Review,  Edinburgh. 
Electric  Power,  New  York, 
Electrical  Enterprise,  Boston. 
EJectricity,  Now  York. 
Elektrichestvo  Zhurnal,  St.  Peterabu^ 
Electrotechnische  Rundschau.  Frank #^ 

O.  M. 
Entomologist's  Record,  London, 
iird^'szeti  Lapok  Kozlonye,  Bn<laiM»Kt  - 
Esoteric,  Applegate,  Cal. 
Experiment  Station  Bulletin  (U.  S.  D^ 

of  Agriculture). 
Experiment  Station  Record  (U.  S.  !)»! 

of  Agriculture). 
Fanciers'  Jonmal,  Philadelphia. 
Farbon-Industrie,  Berlin, 
Farm,  Field,  and  Stockman,  Chicago. 
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s'  BuUetin  (U.  S.  Dept.  of  Agri- 
re). 

Lnxemburg. 
1  Reporter^  St.  Paul, 
tiau,     Mitteischweizerische    Geo- 
bmche  Ccmmercielle  GescUschaft 
u. 

ial  World,  Boston, 
jhtly  Review,  Loudon, 
iritte  der  Physik,  Berlin. 
^Gallia,  Cassel. 

and  German  Echoes,  London, 
g  Naturalist,  Geelong,  Australia. 
)ehalle,  New  York. 
)escbauy  Dresden, 
divide,  Denver. 
Glasgow. 
;oh,  Baltimore. 
ifi  Gazette,  Rome,  N.  Y. 

Frankfort  o.  O. 
tid  Leather,  Chicago. 
)  Moderne  Hiiuser,  Berlin, 
ig,  Stamford,  Conn, 
md  Country,  New  York. 
Cheer,  New  York, 
i  Refrigeration,  Chicago, 
irte  Welt,  Stuttgart. 
Bu-Borse,  Leipsic. 
;tor  (El),  Aguas  Calieutes,  Mexico, 
itionale  Patent- Zeitung,  Berlin, 
ore'  Review,  London, 
ijer,  Kiev. 

ichool  Journal,  Des  MoineH. 
laturalist,  Dublin, 
ion  Age,  Denver,  Colo, 
elt,  Roanoke,  Va. 
bericht     Geographische      Gesell- 
ft,  Bern. 

berichte     Verein    fiir    Erdkunde, 
el. 

t  Messenger,  New  York, 
il  of  Comparative  Neurology,  Graii- 
,  Ohio. 

J  de  r£clairage  au  Gaz,  Paris, 
ilof  the  Engineering  Society  of  the 

fh  University,  Bethlehem,  Pa. 
of  the    Institute    of  Jamaica, 
;iiton. 

J  of  Medical  Philosophy  and  Prac- 
Philadelphia. 
a  of  Philately,  New  York. 
il  of  Philology,  Cambridge,  Eug. 
il  of  the  Polynesian  Society,  Well- 
in. 

kl  of  the  Society  of  Dyers  and  Col- 
B,  Bradford,  England, 
d  of  the  U.  S.  Artillery,  Fort  Mon- 

le  Magazine  for  the  Young,  I>on- 

3  University  Quarterly,  Lawrence. 

edge,  New  York. 

S.  News,  Mount  Sterling,  Ky. 

rirthHchaftliche      Jahrbuch      der 

wreiz,  Bern. 

*y  Record,  Jersey  Citj'. 

<  London. 

^apber,  London. 

KtHphers^  Journal,  lMiihMlcl]ihi;i. 

I'b  Living  Age,  Boston. 


Litterarischer  Merkur,  Weimar. 
Locomotive  Engineering,  New  York. 
London  Quarterly  Review,  London. 
Longman's  Magazine,  London. 
Manufacturer  and  Builder,  New  York. 
Manufacturers'  Engineering  and  Export 

Journal,  London. 
Marine  Rundschau,  Berlin. 
Marine  Verordnungsblatt,  &?rlin. 
Mat<^riaux  et  Documents  d' Architecture 

et  Tie  Sculpture,  Paris. 
Moddelelser  fra  Carlberg   Laboratoriet, 

Copenhagen. 
M^moires  Socidt<^  Royale  de  Geographic, 

Antwerp. 
Memoirs  British  Astronomical  AsHocia- 

tiou,  London. 
Memorias  Sociedad  Cfentifica,  Mexico. 
Memorie    Societi]k   degli    Sx>ettroscopi8ti 

Italiani,  Rome. 
Mercurio  Occidental,  Guadalajara. 
Meteorologicheskija  Nobljudenija, 

Odessa. 
Methodist  Review,  New  York. 
Milling,  Indianapolis. 
Mineralogists'  Magazine,  Jersey  City. 
Minerals,  New  York. 
Minerva,  Rome. 

Minutesof  the  Managing  Committee,  Pro- 
vincial Museum,  Lucknow. 
Mitteilungen  aus   dem    gesammten    Ge- 

biete  der  englischen  Sprache  und  I^it- 

teratur,  Leipsic. 
Mitteilungen  der  Vereinigung  von  Freim- 

den  der  Astronomie  und  kosmischen 

Physik,  Berlin. 
Mitteilungen  Vereins  fiir  Kunst  und  Al  ter- 

thum,  Ulm. 
Mittheilungen    von    F.    A.    Brockhaus, 

Leipsic. 
Mittheilungen  aus  dem  Gebiete  der  ange- 

wandten  Naturwissenschaften,  Schon- 

bei'g,  Moravia. 
Mittheilungen  des  ornithologischen  Ver- 
eins, Vienna. 
Mittheilungen  der  Section  fUr  Naturkun- 

de,  Oesterreichischeu  Touristen-Club, 

Vienna. 
Mittheilungen  der  statistischen   Amtes, 

Dresden. 
Mittheilungen  des  Verbandes  deutscher 

Architekten  und  Ingenieure,  Berlin. 
Modern  Language  Monthly,  London. 
Modern  Miller,  Kansas  City. 
Monatsblatt  der  numismatischeu  Gesell- 

scliaft,  Vienna. 
Monitor  de  la  Educacion  Comun,  Buenos 

Aires. 
Monthly  Bulletin  Colorado  State  Weather 

Service,  Denver. 
Monthly  Bulletin  Texas  Weather  Serv- 
ice, Galveston. 
Monthly  Chronicle  of  North  Countrj'  Lore 

and  Legend,  Newcastle  u.  Tyne. 
Monthly  Weather  Review,  Calcutta. 
Mouvenient    Antiesclavagist**,  Bruss«?l.s. 
Nabytki  Biblioteki,  Oacow. 
Narragansett  Historical  Register,  Provi- 
dence. 
Nasha  Pistsha,  St.  PetettsbuTVJ,. 
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National  Coopers*  Journal,  Buffalo,  N.  Y. 

National  Educator,  Allen  town,  Pa. 

National  Monitor  of  Poultry  and  Pets, 
Fort  Wayne,  Ind. 

Natural  Science,  London. 

Nature  (La),  Paris. 

Neptunia,  Venice. 

Neue  Mitteilunffeu  au8  dem  (vebiete  der 
historiHch-antiquariscben  Fo  r  h  c  h  un- 
gen,  Halle  a  S.  ^ 

Neue  Pliilologische  Ruudahau,  Gotha. 

New  Jerusalem  Magazine,  Boston. 

New  Nation,  Boston. 

New  York  State  Library  Bulletin,  Al- 
bany, N.  Y. 

Nineteenth  Century,  London. 

North  American  Review,  New  York. 

Nouvelles  G^ographiques,  Paris. 

Observations  laites  k  PObservatoire  M6- 
t^orolopque,  Kiev. 

Observations  Finska  Vetenskaps-Societe- 
teus  met-eorologiska  Centralanstalt, 
Helsingfors. 

Observations  Institut  M^t^orologique 
Central,  Helsingfors. 

Oesterreichische  Zeitschrift  fllr  Ver- 
waltnng,  Vienna. 

Onderzokningen  Physiologische  Labora- 
toriet,  Utrecht. 

One  and  All,  Birmingham. 

Onward  and  Upward,  Aberdeen. 

Operele  principelier  Dimilean termini, 
Bucharest. 

Ornithologist  and  Botanist,  Birming- 
ham. 

Our  Day,  Boston. 

Painswick  Annual  Register. 

Painting  and  Decorating,  Philadelphia. 

P.  C.  P.  Alumni  Report,  Philadelphia. 

Pedagogical  Seminary,  Worcester. 

Pestalozzibliitter,  Zurich. 

Peterborough  Diocesan  Magazine,  Lei- 
'!  ester. 

Petit  l^tran^er  (Le),  Paris. 

Pharmaceutical  Record,  New  York. 

Phonographic  Magazine,  Cincinnati. 

Phosphate  (Le),  Amiens. 

Photographic  Work,  London. 

Photographischer  Correspondenz,  Vi- 
enna. 

postal  Record,  New  York. 

J\)wer  and  Transmission,  Mishawaka. 

Proceedings  of  the  Cott^swold  Natural- 
ists' Field  Club,  Cheltenham. 

Proceedings  of  the  Society  of  Antiqua- 
ries, Newcastle  u.  Tyne. 

Protokoly  Zasiedanij  onljclenija,  Khimii. 
St.  Petersburg. 

Public  Library  Bulletin,  Los  Angeles. 

Publications  Alfred  Universitv,  Alfred 
Center,  N.  Y. 

Publications  of  tlui  Architectural  Asso- 
ciation, London. 

Publications  from  Dr.  C.U.  S.  Aurivillius, 
ITpsala. 

PublicationsGuillc-AlloH Library,  Guern- 
sey. 

Publications  by  Jardin,  M.  Ed. 

Publications  K.  K.  orientalische  Akado- 
mie,  Vienna. 


Publicationen  dos  Koniglichen  Mnseum 
fiir  Naturkunde,  Berlin. 

Publications  of  Dr.  Olsen. 

Publications   Section   de   Moscou  de  la 
8oci6t^  Impdriale  Technique,  Moscow. 

Publications  University,  Vienna. 

Quarterly  Bulletin  American  Catholic 
Hist.  Society,  Phila<lelphia. 

Quarterly  Review,  London. 

Raportfi  asupra  activitatei,  Acjulemia 
RomAna,  Btikarest. 

Rapport  I^cole  Polytechniqiie  Suisse, 
Bern. 

Records  and  Papers  of  the  New  London 
County  Historical  Society.  New  ^ Lon- 
don, Conn. 

Reformed  Church  Messenger,  Philadel- 
phia. 

Reformed  Quarterly  Review,  Philadel- 
phia. 

Regents'  Bulletin,  N.  Y.  State  Librai)', 
Albany,  N.  Y. 

Religio-Philosophical  Journal,  Chicago. 

Rendiconti  Societ}\  Reale  Accademia  di 
Archeologia,  etc.,  Naples. 

Repertoire  des  Travaux  de  la  Soci^t^  de 
Statistique  de  Marseille. 

Repertoriiim  fiir  Meteorologie,  St.  Pe- 
tersburg. 

Repertorium  der  technischen  Journal- 
Li  tteratur,  Berlin. 

Report  Rotherhite  Public  Jiibrary. 

Report  Society  for  Promoting  Cnristian 
Knowledge,  London. 

Review  of  Reviews,  Now  York. 

Revista  General  de  Marina,  Madrid. 

Revista  Italiana  di  Scieuze  Naturali* 
Naples. 

Revista  Militar  de  Chili,  Santiago. 

Revista  del  Musco  de  la  Plata,  La  Plata. 

Revue  du  Bas-Poitou,  Fontenay-le- 
Comte. 

Revue  de  Botanique,  Audi. 

Revue  Botanique,  Paris. 

Revue  de  Botanique,  Toulouse. 

Revue  de  I'ficole  d'Anthropologie,  Paris- 
Revue  des  Etudes  Juives,  Paris. 

Revue  d'Horticole,  Marseilles. 

Revue  Internationale  Scientifique  *^ 
Populaire  des  Falsifications,  Amst^^*^' 
dam. 

Revue  des  Livres  et  de  la  Presse,  Pat* '*• 

Revue  Mensuelle  de  I'l^cole  d'Anthropf»*^' 
gie,  Paris. 

Revue  des  Questions  Historiques,  Par***" 

Revue  des  Questions  Scientifiqnes,  Br*"**' 
sels.  . 

Revue  des  Sciences  Naturelles  de  rOu^^^  - 
Paris. 

Revue  Universelle  des  Inventions  Nc^*' 
velles.  A,  B,  C,  D,  Paris. 

Richmond  College  Magazine.  Gallc.  ^ 

River-Plato  Sport  and  Pastime,  Bnei:*^^' 
Aires. 

Kouiens's  .Toiirnal,  (Miarlottenberg.  t 

Rosario,  La  Nuova  Pompei  (II),  Ville    ^' 
Pompei. 

Rural  Californian,  Los  Angeles. 

Rutland  County  HistoricarSociety,  Ne^ 
port,  Vt. 
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Treasury    of     Religious  Thought,   New 

York. 
Uebersichtder  Eiu  und  Ausfuhrder  wich- 

tigsten  Waarenartikel,  Bern. 
Ucheni,),)a  Zapiski,  Kazan. 
Union  Postale  (L'),  Bern. 
Union  Signal  (The),  Chicago. 
U.  S.  Catholic  Historical  Magazine,  New 

York. 
U.  S.  Miller,  Milwaukee. 
Universal  Market,  Berlin. 
University  Extension  Bulletin,  Albany. 
L'niversity  Magazine,  New  York. 
University  Star,  Omaha,  Nebr. 
VerhandlungeuGelehrteEstnischeGesell- 

schaft,  Dorpat. 
Veroifentlichungen  des  Rechen-Instltuts 

der  Kuniglichen  Sternwarte,  Berlin. 
Vierteljahreshefte    zur     Statistik     des 

deutschen  Reiches,  Berlin. 
Voleur  Illustrd,  Paris. 
Volkskunde,  Ghent. 
Vom  Fels  zum  Meer,  Stuttgart. 
Vremennik  Tsentralnije,  St.  Petersburg. 
Weather  crop  Bulletin,  Crete,  Nebr. 
Wee  Willie  Winkio,  Aberdeen. 
Weekly  Bulletin,  Boston. 
Weekly  Stationary  Engineer,  Chicago. 
Western  Electrician,  Chicago. 
Worcester    Commercial    and    Board    of 

Trade  Bulletin,  Worcester,  Mass. 
Workshop,  New  York. 
World's  Progress,  Cincinnati. 
WUrtterabergisch-Franken,    Hall     am/ 

Kocher. 
Year  Book  of  Australia,  Sydney, 
Yorkshire  County  Magazine,  Bradford, 

England. 
Yorkshire  Notes  and  Queries,  Bradford, 

England. 
Zdrowie  miesieczrisk  poswieconij,  etc., 

Warsaw. 
Zeitachrift    fdr    auorganische    Chemie, 

Munich. 
Zeitschrift  fiir  dentsche  Philologie  Halle 

a/S. 
Zeitschrift  llir  Oologie,  Berlin. 
Zeitschrift  des  Vereins  deutscher  Inge- 

nieure,  Berlin. 
Zeitscbrift  Verein  fiir  Volkskunde,Berlin. 
Zeitschrift  fiir  Volkskunde,  Halle  a/S. 
Zeitschrift  Westpreussicher  Geschichts- 

Verein,  Danzig. 
Zeitschrift    fiir   wissenschaftliche    Geo- 

graphie   Weimar. 
Zeitschrift  ftir  wissenschaftliche  Mikros, 
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ctfullv  submitted. 


^ANCJLKY. 

^tury  of  Ihc  tSmithsonian  InatHuHon, 


N.  P.  Sou.  DER, 
Acting  Librarian. 
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Appkndix  V. 

PUBLICATIONS  FOR  THE  YEAR  ENDING  JUNE  30,  1892. 

Sir:  I  have  the  honor  to  submit  the  following  report  upon  the  ]mhlicationH  of  tbc 
Smithsonian  luHtitution  for  the  year  ending  June  30,  1892. 

SMITHHONIAN    (U)NTUIBITTIONS   TO    KN<»WLKIHiK. 

Among  the  issues  in  quarto  size  a  fragmentary  publication,  referred  to  and  partly 
described  in  the  last  annual  report  as  nearly  ready,  has  been  completed  and  dis- 
tributed daring  the  present  fiscal  year.  This  fragment,  as  explained  in  the  preceding 
report,  is  not  included  in  the  collected  volumes  of  the  "Contributions  to  Knowledge,'^ 
though  produced  in  same  form  and  style.     It  forms  in  the  Smithsonian  series: 

No.  800.  "Plates  prepared  between  the  years  1849  and  1859,  to  accompany  a  report 
on  the  Forest  Trees  of  North  America,  by  Asa  Gray."  This  is  a  quarto  brochure, 
comprising  all  the  plates  (23  in  number)  prepared  for  Dr.  Gray's  long  cont-emplated 
work  on  forest  trees.  Though  nearly  forty  years  old,  these  plates,  carefully  en- 
graved and  skillfully  colored  by  hand,  are  here  for  the  first  time  collected  and 
issued,  without  any  descriptive  text,  no  accounts  or  descriptions  having  been  found. 
among  the  lamented  Dr.  Gray's  papers. 

No.  801.  "  Experiments  in  Aerodynamics."  By  S.  P.  Langley.  Quarto  volume  of 
IV  -f  115  pages ;  illustrated  with  11  figures  in  the  text,  and  10  plates. 

SMITHSONIAN  MISCELLANEOUS  COLLECTIONS. 

No.  787.  ''Lists  of  Institutions  and  Foreign  and  Domestic  Libraries,  to  which  it  is 
desired  to  send  future  publications  of  the  National  Museum."  (From  the  Reportof 
the  National  Museum  for  1889.)     Octavo  pamphlet  of  78  pages. 

No.  788.  "Memoir  of  Heinrieh  Leberecht  Fleischer."  By  Prof.  A.  Miiller.  (From 
the  Smithsonian  Report  for  1889.)     Octavo  pamphlet  of  20  pages. 

No.  789.  ''On  Aerial  Locomotion."  By  F.  W.  Wenham.  (From  the  Smithsonian 
Report  for  1889.)     Octavo  pamphlet  of  20  pages;  illustrated  with  6  figures. 

No.  790.  "Photography  in  the  service  of  Astronomy."  By  R.  Radau.  Translated 
from  the  French,  by  A.  N.  Skimier.  (From  the  Smithsonian  Report  for  1889.)  Oc- 
tavo pamphlet  of  22  pages. 

No.  791.  "A  Memoir  of  Gustav  Robert  Kirchhoff."  By  Robert  von  Helmholtz. 
Translated  from  the  German,  by  Joseph  de  Perott.  (From  the  Smithsonian  Report 
for  1889.)     Octavo  pamphU-t  of  14  pages. 

No.  792.  "The Museums  of  the  Future."  By  G.  Brown Goode,  Assistant  Secretary 
of  the  Smithsonian  Institution.  (From  the  Report  of  the  National  Museum  for  1889.) 
Octavo  pamphlet  of  19  pages. 

No.  793.  "Te  Piio  te  Henua,  or  Easter  Island."  By  William  J.  Thomson.  (From 
the  Report  of  the  National  Museum  for  1889.)  Octavo  pamphlet  of  106  pages;  illtt** 
trated  with  20  figures  and  49  plates. 

No.  794.  "Aboriginal  Skin  Dressing.  A  study  based  on  material  in  the  U-  ^• 
National  Museum."  By  Otis  T.  Mason.  (From  the  Report  of  the  National  Mnseu"' 
for  1889.)     Oct.avo  ]>aniphlet  ot  62  pages;  illustrated  with  32  plates. 

No.  795.  "The  Puma  or  American  Lion  (/'t'/wcowco/or  of  Linmens).  By  Frwlerit^^ 
W.  True.  (From  the  Report  of  the  National  Museum  for  1889.)  Octavo  pamplJe*' 
of  18  pages;  illustrated  with  1  plate. 
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No.  796.  ^'AnimalH  recently  extinct;  or  tUreatened  witU  extermination,  as  repre- 
aeuted  in  the  collectionH  of  the  U.  S.  National  Mnseum/'  By  Frederick  A.  Lucas. 
(From  the  Report  of  the  National  Museum  for  1889.)  Octavo  pamphlet  of  41  pages; 
illustrated  with  9  figures  and  11  plates. 

No.  797.  "The  development  of  the  American  Rail  and  Track,  as  illustrated  by  the 
collection  in  the  U.  S.  National  Museum."  By  J.  Elfreth  Watkins.  (From  the  Re- 
port of  the  National  Museum  for  1889.)  Octavo  pamphlet  of  58  pages;  illustrated 
with  115  figures. 

No.  798.  "Explorations  in  Newfoundland  and  Labrador  in  1887,  made  in  connec- 
tion with  the  cruise  of  the  U.  S.  Fish  Commission  schooner  Grampus.**  By  Frede- 
nek  A.  Lucas.  (From  the  Report  of  the  National  Museum  for  1889.)  Octavo  pam- 
phlet of  20 pages ;  illustrated  with  1  plate  or  sketchmap. 

No.  799.  "Preliminary  Handbook  of  the  Department  of  Geology  of  the  U.  8.  Na- 
tional Museum."  By  George  P.  Merrill.  (From  the  Report  of  the  National  Museum ; 
Appendix.)    Octavo  pamphlet  of  50  pages. 

No.  803.  "  The  Squaring  of  the  Circle."  By  Herman  Shubert.  (From  the  Smith- 
sonian Report  for  1890.)    'Octavo  pamphlet  of  24  pages. 

No.  804.  "An  Account  of  the  Progress  in  Astronomy  for  the  years  1889,  1890."  By 
William  C.  Winlock.  (From  the  Smithsonian  Report  for  1890.)  Octavo  pamphlet 
of  G2  pages. 

No.  805.  "  MatlH-matical  Theories  of  the  Earth."  By  Robert  S.  Woodward.  (From 
tlie  Smithsonian  Report  for  1890.)     Octavo  pamphlet  of  18  pages. 

No.  806.  "On  the  Physical  Structure  of  the  Earth."  By  Henry  Hen  uessy.  (From 
tlie  Smithsonian  Report  for  1890.)    Octavo  pamphlet  of  19  pages. 

No.  807.  "Ghvcial  Geology."  By  James  Geikie.  (From  the  Smithsonian  Report 
for  1890.)    Octavo  pamphlet  of  10  pages. 

No.  808.  "The  History  of  the  Niagara  River."  By  G;  K.Gilbert.  (From  the  Smith- 
sonian Report  for  1890.)    Octavo  pamphlet  of  46  pages:  illustrated  with  8  plat«s. 

No.  809.  "  The  Mediterranean  Physical  and  Historical."  By  Sir  R.  L.  Playfair. 
(From  the  Smithsonian  Report  for  1890.)     Octavo  pamphlet  of  18  pages. 

No.  810.  "  Stanley  and  the  map  of  Africa."  By  J.  Scott  Keltic.  (From  the  Smith- 
s'Hiian  ReiM)rt  for  1890.)    Octavo  pamphlet  of  15  pages ;  illustrated  with  2  maps. 

No.  811.  "Antarctic  Explorations."  By  G.  S.  Grifhths.  (From  the  Smithsonian 
fi«port  for  1890. )     Octavo  pamphlet  of  12  pages. 

No. 812.  "The  History  of  Geodetic  Operations  in  Russia."  By  B.  Witskowski  and 
J-  Howard  Gore.  (From  the  Smithsonian  Report  for  1890.)  Octavo  pamphlet  of  10 
pages. 

No.813.  "Quartz  Fibers."  By  C.  V.  Boys.  (From  the  Smithsonian  Report  for 
)   Octavo  pamphlet  of  20  pages;  illustrated  with  9  figures. 

No. 814.  "Dr.  Kcenig's  Researches  on  the  Physical  Basis  of  Musical  Harmony  and 
'J'Jmbre."  By  Sylvanus  P.  Thompson.  (From  the  Smithsonian  Report  for  1890.) 
Octavo  pamphlet  of  25  pages;  ilUistrated  with  8  figures. 

No. 815.  "The  Chemical  Problems  of  To-day."  By  Victor  Meyer.  (From  the 
^ithsonian  Report  for  1890.)    Octavo  pamphlet  of  15  pages. 

No.816.  "The  Photographic  Image."  By  RapTiael  Meldola.  (From  the  Smith- 
^^n  Report  for  1890.)    Octavo  pamphlet  of  11  pages. 

No. 817.  "A  Tropical  Botanic  Garden."  By  M.  Treub.  (From  the  Smithsonian 
^Port  for  1890.)    Octavo  pamphlet  of  18  pages. 

No.818.  ''Temperature  and  Life."  By  Henry  de  Varigny.  (From  the  Smithso- 
*^'»n  Report  for  1890. )    Octavo  pamphlet  of  18  pages. 

No. 819.  "Morphology  of  the  Blood  Corpuscles."  By  Charles-Sedgwick  Minot. 
vrromthe  Smithsonian  Report  for  1890.)  Octavo  pamphlet  of  3  pages;  illustrated 
^»th  1  plate. 

No.  820.  "Weismann's  Theory  of  Heredity."  By  George  J.  Romanes.  (From  the 
^Quthgonian  Report  for  1890.)    Octavo  pamphlet  of  14  pages. 
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No.  821.  "TheAftCoiitofMan/'    By  Frank  Baker.     (From  the  Smitbaonian  Report 
for  1890.)    Octavo  pamphlet  of  20  paget). 

No.  822.  "Antiquity  of  Man."  By  John  Evans.  (From  the  Smithsonian  Report 
for  1890. )    Octavo  pamphlet  of  8  pages. 

No.  823.  "The  Primitive  Home  of  the  Aryans."  By  A.  H.  Sayce.  (From  the 
Smithsonian  Report  for  1890. )    Octavo  pamphlet  of  13  pages. 

No.  824.  "The  Prehistoric  Races  of  Italy."  By  Isaac  Taylor.  (From  the  Smitli- 
sonian  Report  for  1890. )    Octavo  pamphlet  of  10  pages. 

No.  825.  ''The  Age  of  Bronze  in  Egypt."  By  Oscar  Montelina.  (From  the  Smith 
sonian  Report  for  1890.)    Octavo  pamphlet  of  23  pages;  illustrated  with  6  plat-es. 

No.  826.  "An  Account  of  the  Progress  of  Anthropology  in  the  year  1890."  B; 
Otis  T.  Mason.  (From  the  Smithsonian  Report  for  1890.)  Octavo  pamphlet  of  8 
pages;  illustrated  with  8  figures  and  4  plates. 

No.  827.  "A  Primitive  Urn  Burial."  By  Dr.  J.  F.  Snyder.  (From  the  Smitl 
sonian  Report  for  1890.)    Octavo  x>amphlet  of  5  pages;  illustrated  with  2  plates. 

No.  828.  "  Manners  and  Customs  of  the  Mohaves."  By  George  A.  Allen.  (Froi 
the  Smithsonian  Report  for  1890.)    One  sheet  of  2  octavo  pages. 

No.  829.  "Criminal  Anthropology."  By  Thomas  Wilson.  (From  the  Smithsonia 
Report  for  1890.)     Octavo  pamphlet  of  70  pages. 

No.  830.  "Color-vision  and  Color-bliuduess."  By  R.  Brudenell  Carter.  (Froi 
the  Smithsonian  Report  for  1890.)    Octavo  pamphlet  of  18  pages. 

No.  831.  "Technology  and  Civilizatiou."  By  F.  Reuleaux.  (From  the  Smithw 
nian Report  for  1890.)    Octavo  pamphlet  of  15  pages;  illustrated  with  2  tigure«. 

No.  832.  "The  Ramstlen  Dividing  Engine."  By  J.  Elfrotli  Watkius.  (From  tfc 
Smithsonian  Report  for  1890.)  Octavo  pamphlet  of  19  pages;  illustrated  with 
figure  and  3  plates. . 

No.  833.  "  A  Memoir  of  Elias  Loouiis."  By  H.  A.  Newtou.  ( From  the  Smitlisouia 
Report  for  1890.)    Octavo  pamphlet  of  30  pages. 

No.  834.  "A  Memoir  of  William  Kitclien  Parker."  (From  the  Smithsonian  Kei)Oi 
for  1890.)    Octavo  pamphlet  of  4  pages. 

No.  835.  "Sale  List  of  Pnblicatious  of  the  Smithsonian  Institution,  Jaiiuar: 
1892."    Octavo  pamphlet  of  27  pages. 

No.  838.  "Report  on  the  Intt^mational  Congress  of  Orientalists."  Held  at  Stocl 
holm,  Sweden,  and  Christiania,  Norway,  in  September,  18^9.  By  Paul  Hanp 
(From  the  Smithsonian  Report  for  1890.)     Octavo  pamphlet  of  8  pages. 

SMITHSONIAN   ANNUAL   UKPORTS. 

No.  770.  "Report  of  tlie  National  Museum.  Annual  Report  of  the  Board  of  K^ 
gcmts  of  the  Smithsonian  Institution,  showing  the  operations,  expenditurt^s*  <'^^ 
condition  of  the  Institution  for  the  year  ending  June  30,  1889."  This  volume  coo 
prises  five  sections :  I.  Report  of  the  Assistant  Secretary  of  the  Smithsonian  li^^' 
tution,  G.  Brown  Goode,  in  charge  of  the  National  Museum,  upon  the  condition  ^^ 
prospects  of  the  Museum;  II.  Reports  of  the  Curators  of  the  Museum  upon  the  pro] 
ress  of  work  during  the  year;  III.  Papers  describing  and  illustrating  theooU^ 
tions  in  the  Museum ;  IV.  Bibliography  of  publications  and  papers  relating  to  tl 
Museum  during  the  year;  and  V.  List  of  accessions  to  the  Museum  during  tbeye^ 
The  whole  accompanied  with  an  index  of  39  pages,  and  Appendix  E. — Prelimin*^ 
Handbook  of  the  Department  of  Geology  in  the  U.  S.  National  Museum,  of  50  p»g^ 
by  George  P.  Merrill,  Curator.  This  Report  forms  an  octavo  volume  of  xvii+^ 
pages;  illustrated  with  144  cuts  or  figures  in  the  text,  and  107  plates. 

No.  786.  "  Report  upon  the  condition  and  progress  of  the  U.  S.  National  Mnsen^ 
during  the  year  ending  June  30,  1889."  By  6.  Brown  Goode,  Assistant  Seer* 
tary  of  the  Smithsonian  Institution,  in  charge  of  the  National  Museum.  (From  ^ 
Report  of  the  National  Museum  for  1889.)  Octavo  pamphlet  of  277  pages;  illustrH 
ted  with  four  plates. 
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No.  802.  ''  Proceedings  of  the  Regents,  and  Report  uf  the  Execntive  Couiiuittee 
for  the  year  1889-'90,  together  with  acts  of  Congress  for  the  year.  (From  the 
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ADVERTISEMENT. 


Tlie  object  of  the  General  Appendix  to  the  Aiiiuial  report  of  the 
nithsoiiiaii  lustitutioi)  is  to  funiisli  brief  accounts  of  scieutiftc  discov- 
yiu  particuhir  directions;  occasional  reports  of  the  investigations 
ade  by  colhiborators  of  the  Institution;  memoirs  of  a  generjil  charac- 
r  or  on  special  topics,  whether  original  and  prepared  expressly  for  the 
irpo8e,or  selected  from  foreign  journals  and  proceedings;  and  briefly 
'  present  (as  fully  as  space  will  permit)  such  pfipers  not  published  in 
le  Smithsonian  Contributions  or  in  the  Miscellaneous  Collections  as 
ay  be  snpjwsed  to  be  of  interest  or  value  to  the  numerous  correspond- 
its  of  the  Institution. 

It  has  been  a  prominent  object  of  the  Board  of  Regents  of  the  Sinith- 
)iiian  Institution,  from  a  very  early  date,  to  enrich  the  annual  report 
squired  of  them  by  law  with  memoirs  illustrating  the  more  remark- 
t)le  and  important  developments  in  physical  and  biological  discovery, 
s  well  as  showing  the  general  character  of  the  operations  of  the  Insti- 
ition;  and  this  purpose  has,  during  the  greater  part  of  its  history, 
Pen  carried  out  largely  by  the  publication  of  such  papers  as  would 
assess  an  interest  to  all  attracted  by  scientific  progress. 
In  1880,  the  Secretary,  induced  in  part  by  the  discontinuance  of  an 
^nual  summary  of  progress  which  for  thirty  years  previous  had  been 
sued  by  well-known  private  publisliing  firms,  had  prepared  by  com- 
*tent  collaborators  a  series  of  abstracts,  showing  concisely  the 
■ominent  features  of  recent  scientific  progress  in  astronomy,  geology, 
^teorology,  physics,  chemistry,  mineralogy,  botany,  zoology,  and 
thropology.  This  latter  ])lan  was  continued,  though  not  altogether 
ti^factorily,  down  to  and  including  the  year  1888. 
tn  the  report  for  1889,  a  return  was  made  to  the  earlier  method  of 
Renting  a  miscellaneous  selection  of  papers  (some  of  them  original) 
bracing  a  considerable  range  of  scientific  investigation  and  discus- 
li.    This  method  has  been  continued  in  the  present  report,  for  1892. 
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STITFTION.  * 

The  Sinitbsoniaii  Institution  lias  always  made  it  a  rule  of  action  to 
dertake  such  lines  of  work  as  point  the  way  to  great  public  utilities, 
d  these  have  subsequently  been  made  the  function  of  useful  govern- 
int  bureaus  of  applied  science. 

This  is  notably  true  in  the  case  of  meteorology,  which  was  developed 
the  Institution  in  both  its  scientific  and  its  popular  aspects,  until  its 
portance  became  so  well  understood,  and  its  utility  so  widely  ap- 
eciated,  that  in  1870,  Congress  made  it  the  duty  of  the  Chief  Signal 
ficer  of  the  U.  S.  Army  to  observe  and  report  storms  for  the  benefit 
commerce  and  agriculture. 

The  interest  of  the  Smithsonian  Institution  in  meteorology  began 
til  the  organization  of  its  work  by  its  first  secretary,  Prof.  Joseph 
Biiry,  in  1847,  and  from  that  time  to  the  present — nearly  half  a  cen- 
ry— meteorologi(;al  science  has  been  granted  an  important  share  of  its 
bors  and  expenditure. 

In  his  "  programme  of  organization, "  submitted  on  the  8th  of  Decem- 
r,1847,  in  giving  examples  of  objects  for  which  appropriations  might 
operly  be  made,  the  Secretary  mentioned  first,  and  urged  upon  the 
imediate  attention  of  the  Institution,  a  "  system  of  extended  meteor- 
ogical  observations  for  solving  the  problem  of  American  storms. " 
Jis  clear  appreciation  of  the  existing  state  of  knowledge,  and  of  the 
ilities  to  be  gained,  are  set  forth  in  the  following  words,  with  which 
'  commends  this  undertaking: 

Jflate  j'ears,  in  our  country,  more  additions  have  been  made  to  meteorology  than 
*»y  other  branch  of  physical  science.  Several  important  generalizations  have 
en  arrived  at,  and  definite  theories  proposed,  which  now  enable  us  to  direct  our 
^'Ution,  with  scientific  precision,  to  such  points  of  observation  as  can  not  fail  to 
•^ard  us  withnew  and  interesting  results.  Itisproposed  toorganize  a  systemof  ob- 
*^'«tioiis  which  shaU  extend  as  fsir  as  ])os8ible  over  the  North  American  continent. 
"'  present  time  appears  to  be  peculiarly  auspicious  for  commencing  an  enterjirise 
the  proposed  kind.  The  citizens  of  the  United  States  are  now  scattered  over 
^^v  part  of  the  southern  and  western  portions  of  North  America,  and  the  extended 
'^*«of  the  telegraph  will  furnish  a  ready  means  of  warning  the  more  northern  and 
*t<?Tn  obsen-ers  to  be  on  the  watch  for  the  first  appearance  of  an  advancing  storm. 

I^the  inauguration  of  this  system  of  observations,  Prof.  Henry  so- 
'^^^d  the  suggestions  of  the  most  experienced  American  meteorolo- 
^ts-^Espy,  Loomis,  and  Guyot — who  extended  their  cordial  co-opera- 


*'^nmnmry  prepared  for  the  section  of  history,  World's  Congress  of  Meteorology, 
"<iag(),  1893. 
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Accompanying  the  above-quoted  presentation  of  his  programme  the 
Secretary  published  a  valuable,  and  now  historic,   rei>ort  by  Prof. 
Loomis  upon  the  meteorology  of  the  United  States,  in  which  he  showed 
what  advantage  society  might  expect  from  the  study  of  storms,  what 
liad  been  already  done  in  this  country  toward  making  the  necessary 
observations,  and,  finally,  what  encouragement  there  was  to  a  further 
prosecution  of  the  same  researches.    He  then  i)resent^  in  detail  a  plan 
for  unifying  all  the  work  done  by  existing  observers,  and  for  supple- 
menting it  by  that  of  new  observers  at  needed  points,  for  a  systematic 
supervision,  and,  finally,  for  a  thorough  discussion  of  the  observations 
collected. 

On  the  13th  of  December,  1847,  the  Board  of  Regents  adopted  th© 
"programme  of  organization,"  and  on  the  15th  inaugurated  the  sys- 
tem of  meteorological  observations  by  an  appropriation  of  $1,000  for 
the  purchase  of  instruments  and  other  related  expenses. 

In  the  following  year  (1848)  Prof.  Espy,  who  was  then  the  official 
meteorologist  of  the  Navy  Department,  was  assigned  to  duty  under  th& 
direction  of  the  Secretary  of  the  Smithsonian  Institution.  In  connec- 
tion with  Espy,  the  Secretary  (Henry)  addressed  a  circular  letter  toali 
persons  who  would  probably  be  disposed  to  take  part  in  the  contem- 
plated systems  of  observations,  and  co-operation  was  solicited  from  th© 
existing  systems  under  the  direction  of  the  Surgeon-General,  and  of 
the  States  of  New  York  and  Pennsylvania.  Asa  result  of  these  efForts 
the  Institution  at  the  close  of  1849,  already  had  one  hundred  and  fiftjT 
daily  observers,  and  the  number  continued  to  increase. 

In  order  to  unify  the  methods  adopted  by  observers.  Prof.  Guyots 
was  requested  to  prepare  a  pamphlet  of  Directions  for  Meteorological 
Observations,*  which  was  published  in  1850,  and  to  compile  a  collec- 
tion of  Meteorological  Tables,  which  was  published  as  a  volume  of  th© 
Miscellaneous  Collections  in  1852.    In  1857,  after  careful  revision  by 
the  author,  a  second  and  much  enlarged  edition  of  the  Tables  was  pub* 
lished,  and  in  1859,  a  third,  with  further  amendments.     Although  de- 
signed primarily  for  the  meteorological  observers  reporting  to  the 
Smithsonian  Institution,  the  Tables  obtained  a  much  wider  circidation, 
and  were  extensively  used  by  meteorologists  and  physicists  in  Emop© 
and  the  United  States.    An  important  step  taken  at  the  inception  of 
the  Smithsonian  system  was  the  introduction  of  accurat-e  instruments- 
Standard  barometers  and  thermometers  were  imported  from  Paris  stud 
London,  with  which  those  made  for  the  use  of  the  Institution  w^r^ 
compared,  and  sets  of  such  apparatus  were  furnished  to  observers. 

In  1849,  Prof.  Henry  personally  requested  the  telegraph  companies  ^ 

*  Smithsonian  Institutiou.  Directions  for  Meteorological  Observations,  inteo'i*' 
for  the  first  class  of  observers.  Washington  City,  1850.  Reprinted  with  aclditi**** 
in  Annual  Report  for  1855,  and  again  as  a  part  of  the  Smithsonian  Miscellane^^ 
CollectiouB  in  1870. 
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direct  tlieir  operators  to  replace  in  their  regular  nioriiing  dispatxilies 
the  signal,  *'0.  K.,''  by  which  they  were  aecustonied  to  announce  that 
their  Hnes  were  in  order,  by  such  words  as  "fair,"  "cloudj^,'^  etc.,  thus 
giving,  without  additional  trouble,  and  as  concisely  as  possible,  a  sum- 
mary of  the  condition  of  the  weather  at  the  dift'erent  stations,  which 
should  be  communicated  to  him.  This  request  was  complied  with,  and 
such  elementary  telegraphic  weather  reports  were  thus  furnished  the 
Institution  daily,  without  charge.  This  action  of  Prof.  Henry,  which 
has  sometimes  been  erroneously  ascribed  to  Prof.  Espy,  was  the  be- 
ginning of  telegraphic  weather  service,  nothing  of  the  kind  having 
been  attempted  in  Europe  until  a  later  date,  and  by  means  of  these  re- 
ports predictions  of  coming  storms,  with  all  the  now  recognized  advan- 
tage to  the  country  at  large,  were  made  possible.  With  the  material 
thus  obtained  the  Institution  was  enabled  in  1850,  to  construct  the  first 
current  weather  map,  giving  daily,  from  "  live  data,'' the  meteorological 
conditions  over  the  whole  country.  This  map  was  hung  where  the  i)ub- 
lic  could  have  general  access  to  it  to  observe  the  changes,  and  its  indi- 
cations were  first  published  at  large  by  signals  displayed  from  the  high 
tower  of  the  Institution.  This  method  was  followed,  and  further  ex- 
tended, by  publications  in  the  Washington  Eveniiig  Star  in  1857,  and 
sucli  general  interest  was  manifested  in  the  subject  that  telegraphic 
weather  reports  were  thereafter  furnished  to  the  Star  for  daily  publi- 
cation. The  systematic  notification  of  the  general  public  by  the  press 
aud  otherwise  of  weather  observations,  appears,  then,  to  have  been 
undoubtedly  due  to  Henry,  and  unquestionably  to  have  preceded  by  a 
year  a  similar  publication  in  1858,  of  Leverrier,  to  whom  this  pioneer 
step  has  been  erroneously  attributed. 

In  1858,  the  meteorological  map  already  in  use  was  improved  by  the 
a<loption  of  circular  disks  of  difterent  colors,  which  were  attached  to  it 
^y  pins  at  each  station  of  observation,  and  indicated  by  their  color 
^be  state  of  the  atmosphere — white  signifying  clear  weather;  gi'ay, 
cloudy;  black,  rain,  etc.  Tlie  disks  had  an  arrow  stamped  upon  them, 
^^d  as  they  were  so  arranged  that  they  could  be  attached  to  the  map  in 
*^y  direction,  the  motion  of  the  wind  at  eacli  station  was  shown  by  them, 
^'^d  the  "probabilities"  thus  more  accurately  forecast. 

The  study  of  the  meteorological  data,  begun  in  1849,  continued  under 
^^e  direction  of  the  Institution  for  twenty-five  years,  during  which  time 
^^inerous  publications  were  issued  relative  to  temperature,  rainfall, 
y  ^ometry,  and  casual  phenomena,  while  popular  information  was  con- 
"'iUousV  disseminated  by  publishing  telegraphic  weather  reports,  maps, 
^^^•.  Among  the  associates  of  the  Institution  in  this  branch  of  investi- 
gation may  be  mentioned  Prof.  Espy,  and  later,  Prof.  J.  H.  Coffin,  Mr. 
^-  A.  Schott,  and  others.  Their  work  may  be  concisely  described  as 
w>llow8:  Prof.  Espy  utilized  the  already  collected  data  in  the  prepa- 
^tion  of  his  Third  and  Fourth  Meteorological  Eeports.    After  the 
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Smithsonian  observations  were  i>ractically  completed,  Mr.  Schott^took 
the  data  and  i)repared  elaborate  tables  of  temperature' and  precipita- 
tion, which  were  published  in  tlie  Smithsonian  Contributions  to  Knowl- 
edge. 

Prof.  Coffin  t  compiled  his  great  work  on  the  laws  of  the  winds,  and 
contributed  various  lesser  works  to  the  bibliography  of  the  Institution 
on  meteorological  subjects. 

The  first  collection  of  meteorological  tables  compiled  by  Dr.  Giiyot, 
at  the  request  of  the  Institution,  was  published  in  1852,  as  a  volume  of 
the  Smithsonian  Miscellaneous  Collections,  and  new  editions  were  pub- 
lished in  1857,  and  1859.  Twenty-five  years  later  the  work  was  agaiu 
revised,  and  a  fourth  edition  was  published  (1884).  The  demand  foi 
these  tables  exhausted  this  edition  in  a  few  years;  it  was  then  de 
cided  to  re-cast  the  work  entirely,  and  publish  it  in  three  parts,  one  o1 
meteorological,  one  of  geographical,  and  one  of  physical  tables,  eact 
representative  of  the  latest  knowledge  in  its  field,  and  independent  oi 
the  others,  but  the  three  forming  a  homogeneous  series. 

The  desirability  of  establishing  a  meteorological  department  uiidei 
one  comprehensive  system,  with  an  adequate  appropriation  of  funds 
was  freciuently  urged  by  the  Smithsonian  Institution,  and  in  1809  ai 
appropriation  of  825,000  was  made  by  Congress  for  the  adoption  auc 
maintenance  of  a  code  of  weather  signals  on  the  northern  lakes,  uiidei 
the  direction  of  the  Chief  of  the  Signal  Corj>s  of  the  United  State: 
Army.  The  Government  having  thus  evinced  a  willingness  to  tak< 
charge  of  the  meteorological  system  of  the  country,  and  it  being  tU< 
policy  of  the  Institution  to  do  nothing  which  could  be  accomplished  » 
well  by  other  means,  the  work  of  the  Smithsonian  in  this  direction  wa 
freely  relinquished  by  the  Institution,  although  its  formal  transfer  t 
the  War  Department  did  not  take  place  until  1874. 

During  the  period  when  the  Smithsonian  was  directly  in  charge 
meteorological  researches  in  the  United  States,  its  expenditures 
this  connection,  which  had  been  voluntarily  assumed,  were  over  $60,CK 
In  addition  to  this  the  Institution  made  a  contribution  of  incalcolat 
value  in  the  stimulus  given  to  investigations  of  this  class  by  the  acti 
personal  interest  of  its  first  Secretary,  who  always  devoted  much  tii 


*Sclio1t,  C.  A.:  Base  chart  of  the  United  States.  DiscusHioii  of  Caswell's  meteor 
logical  observations  at  Providcucc,  R.  I. ;  Cleaveland's  meteorolo«j;ieal  obs<«rvati^ 
at  Brunswick,  Me.;  Hayes's  physical  observations  in  the  Arctic  Seas;  Hildreth  xm 
Wood's  meteorological  observations  at  Marietta,  Ohio;  Kane's  astronomical  obser" 
tious  in  the  Arctic  Seas;  Kane's  magnetic  observations  in  the  Arctic  Seas;  Kai^ 
meteorological  observations  in  the  Arctic  Seas ;  Kane's  physical  observations  in  ^ 
Arctic  Seas;  Kane's  tidal  observations  in  the  Arctic  Sejis;  McClintock's  meteor 
logical  observations  in  the  Arctic  Seas ;  Smith's  meteorologcfil  observations  made  n  - 
Washington,  Ark.;  Tables,  distribution,  and  variation  of  atmospheric temperati*- 
Tables  of  rain  and  snow  in  the  irnitcd  States. 

\  Coffin,  J.  H. :  Orbit  and  phenomena  of  meteoric  fire  ball ;  Psychrometrical  tab^M 
Storms  of  1859 ;  Winds  of  the  globe;  Winds  of  the  northern  hemisphere. 
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and  thoagbt  to  this  subject,  while  even  alter  the  transfer  of  the  Smith- 
sonian system  to  the  War  Department,  the  discussion  and  publication 
of  the  material  already  accumulated  was  continued  by  the  Institution. 
Tiie  Smithsonian  Institution  may,  then,  be  termed  the  parent  of  the 
present  Weather  Bureau. 

In  1891,  the  present  Secretary  (Mr.  S.  P.  Langley)  dei)osited  in  the 
United  States  Signal  Office  all  the  voluminous  monthly  records  of  the 
Institution,  and  all  the  manuscript  and  printed  observations  and  con- 
tributions relating  to  meteorology,  subject  to  recall,  but  with  the  un- 
derstanding that  the  entire  official  record  of  research  and  progress  in 
this  connection  should  be  preserved  intact  by  the  Bureau  which  now 
has  these  investigations  in  charge. 


THE  HISTORY  OF  THE  TELESCOPE.* 


Bv  Prof.  C.  S.  flASTiNGS,   Yale  University, 


There  is  no  instrumeut  which  lias  done  so  much  to  widen  the  scope 
liuman  knowledge,  to  extend  our  notions  of  the  universe,  and  to  stim- 
X^,  intellectual  activity  as  has  the  telescope,  unless  the  microscope 
regarded  as  a  successful  rival.  But  even  admitting  a  parity  in 
entific  importance,  the  former  instrument  is  incomparably  more 
eresting  in  its  history,  in  the  same  degree  that  its  history  is  more 
iple  and  more  comprehensible.  To  trace  its  development  from  a 
ions  toy  in  the  hands  of  its  discoverer,  for  we  shall  see  that  this  term 
wore  approjiriate  than  inventor,  to  the  middle  of  this  century,  is  to 
brought  into  contact  with  most  of  the  great  philosophers,  from  the 
le  of  the  Renaissance,  who  have  ju;hieved  greatness  in  physical 
3iU!e,  Galileo,  Torricelli,  Huyghens,  Cassini,  Newton,  Halley,  Kepler, 
ler,  Calaiault,  the  Herschels,  father  and  son,  Fraunhofer,  Gauss — 
n  only  a  portion  of  the  list  of  great  names.  Its  growth  toward  per- 
^ion  has  constantly  carried  with  it  increased  precision  in  the  applied 
'Uces  of  navigation  and  of  all  branches  of  engineering.  It  would  be 
y  to  show  that  even  pure  mathematics  would  be  in  a  far  less  forward 
te  had  there  been  no  problems  of  astronomy  and  physics  which  were 
t  suggested  by  the  employment  of  the  telescope.  It  is  to  this  his- 
^  that  I  venture  to  invite  your  attention  this  evening.  I  purpose  to 
iew  succinctly  the  origin  and  development  of  this  potent  aid  in  the 
ly  of  nature,  to  name  some  of  the  more  important  achievements  de- 
cling  upon  it,  and  to  trace  its  gnulual  improvement  to  the  magnifi- 
t  and  complicated  instrument  which  constitutes  the  modern  equa- 
al.  After  this  sketch  I  shall  try  to  give  an  idea  of  the  imperfections 
ch  the  conscientious  artisan  has  to  contend  with  in  attaining  per- 
ioii,  and  to  make  clear  the  methods  which  have  been  employed  in 
ncing  these  imperfections  in  the  noble  instrument  now  erected  at 
i  institution,!  and  exx)lain  why  its  possessors  are  so  hopeful  of  grat- 
ng  success. 

Address  delivered  at  the  dedication  of  the  Goodsell  Observatory  of  Carleton 

'*^ge,  Northfield,  Minn.,  June  11,  1891.     (From  the  Sidereal  Messenger y  August, 

»  vol.  X,  pp.  335-354. ) 

^'arleton  College. 

95 


5)6  THE   HISTORY    OF   THE    TELESCOPE. 

Galileo  learned  in  1009,  while  visiting  Venice,  that  a  marvellous  in- 
strument had  been  invented  the  preceding  year  in  Holland,  which 
would  enable  an  observer  to  see  a  distant  object  with  the  same  distinct- 
ness as  if  it  were  only  at  a  small  fraction  of  its  real  distance.    It  required 
but  little  tiiwe  for  the  greatest  physicist  of  his  age  to  master  the  prob- 
lem thus  suggested  to  his  mind,  and  after  his  return  to  Padua,  where  he 
held  the  position  of  professor  of  mathematics  in  the  famous  university 
of  that  city,  he  set  himself  earnestly  to  work  making  telescopes.   Snch 
was  his  success  that  in  August  of  the  same  year  he  sent  to  the  Vene- 
tian senate  a  more  perfect  instrument  than  they  had  been  able  to  pro- 
cure from  Holland;  and  in  January  of  the  next  year,  by  means  of  a 
telescope  magnifying  thirty  times,  he  discovered  the  four  satellites  of 
Jupiter.    This  brilliant  discovery  was  followed  by  that  of  the  mountains 
in  the  moon;  of  the  variable  phases  of  Venus,  which  established  the 
Coi)ernican  theory  of  the  solar  system  as  incontestible,  and  of  the  true 
nature  of  the  Milky  Way,  together  with  many  others  of  less  jihilosoph- 
ical  importance.    Though  Galileo  did  not  change  the  character  of  the 
telescope  as  it  was  known  to  its  discoverer  in  Holland,  he  made  it 
much  more  x)erfect;  and  above  all,  made  the  first  and  most  fertile  ap- 
plication of  the  instrument  to  increase  the  bounds  of  human  knowledge, 
so  that  it  is  inevitable  that  his  name  should  be  indissolubly  connect^ 
with  the  instrument.    Thus  the  form  which  he  used  is  to  this  day 
known  as  the  Galilean  telescope. 

Considering  the  enormous  interest  excited  throughout  intellectual 
Eurox)e  by  the  invention  of  the  telescope,  it  seems  surprising  that  its 
early  history  is  so  confused.    Less  than  two  years  after  it  was  lirst 
heard  of,  a  discovery,  i)erhaps  the  greatest  of  a  thousand  years  in  the 
domain  of  natural  philosophy,  had  been  made  by  its  means.    Notwith- 
standing these  facts,  the  three  contemporary,  or  nearly  contemporary, 
investigators  assign  the  honor  to  three  different  persons,  and  if  we 
should  write  out  the  names  of  all  those  to  whom  more  modern  writers 
have  attributed  the  invention,  the  list  would  be  a  long  one.    The  sur- 
prise will  not  be  boundless,  however,  if  we  consider  the  tiisk  before  a 
historian  in  the  next  century  who  undertakes  to  justly  apportion  the 
honor  of  the  invention  of  the  telephone  among  its  nuujerous  claimants 
The  analogy,  though  suggested  in  the  obvious  fact  that  the  telepUou® 
is  to  hearing  just  what  the  telescope  is  to  sight,  may  be  made  miH'^ 
closer  if  we  could  imagine  the  future  historian  deprived  of  all  but  verbal 
descrii)tion,  that  contemporary  diagrams  and  models  were  wholly  wai^^ 
ing.    Under  such  conditions  it  is  difficult  to  believe  that  the  histori**^ 
would  easily  escape  ante-dating  the  discovery  of  the  telephone  proi>^^ 
on  account  of  descrijitions,  generally  imperfect,  of  the  a<joustic  t^^^' 
phone.     But  this  would  fairly  represent  the  condition  of  the  mate^'*^ 
at  the  command  of  an  investigator  of  the  present  day  into  a  que«t'^^ 
of  science  of  the  early  part  of  the  seventeenth  century.    No  woncl^  ' 
then,  that  the  invention  has  been  attributed  to  Archimedes,  to  Bo^ 
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Bacon,  to  Porta,  and  to  mauy  others  who  have  written  on  optics;  but 
to  find  the  name  of  Satan  in  the  list  is  certainly  surprising.  Still  we 
read  that  a  very  learned  man  of  the  seventeenth  century,  named  Arias 
Montanus,  finds  in  the  fourth  chapter  of  Matthew,  eighth  verse,  evi- 
dence that  Satan  possessed,  and  probably  invented,  a  telescope;  other- 
wise, liow  could  he  have  *' shown  him  all  the  kingdoms  of  the  world 
and  the  glory  of  them''?*  It  seems  to  be  well  established  now,  how- 
ever, that  Franz  Lippershey,  or  Lippersheiin,  a  spectacle  maker  at 
Middleburg,  was  the  real  inventor  of  the  telescope,  and  that  Galileo's 
first  telescoi)e,  avowedly  suggested  by  news  of  the  Hollander's  achieve- 
ment, was  an  independent  invention. 

That  this  discovery  was  really  an  accident  we  may  be  quite  sure, 
for  not  only  was  there  no  developed  theory  of  optics  at  that  time,  but 
even  the  law  of  refraction,  which  lies  at  the  basis  of  such  theory,  was 
quite  unknown.  So,  too,  it  seems  to  me  quite  certain  that  Galileo's 
invention  must  have  been  empirical  and  guided  by  somewhat  precise 
information,  such  as  that  the  instrument  consistetl  essentially  of  two 
lenses,  of  which  one  was  a  magnifying  and  the  other  a  diminishing 
lens.  At  least,  that  Galileo's  telescope  was  like  that  of  the  Hollander; 
that,  theoretically  considered,  it  is  not  so  simple  as  that  made  of  two 
magnifying  lenses,  as  is  evinced  by  the  fact  that  Kepler,  the  first 
l)bilosopher  to  establish  an  approximate  theory  of  optical  instruments, 
only  two  years  later  invented  the  latter  and  prevailing  form;  and 
finaUy,  that  Galileo  published  no  contributions  to  the  theory  of  optics, 
^iti  quite  suflScient  reasons  for  such  a  belief.  But,  in  any  case,  Ga- 
lileo's merit  is  in  no  wise  lessened  by  having  failed  to  do  what  could 
not  be  (lone  at  that  time,  and  the  value  of  his  discoveries  in  emanci- 
pating men's  minds  from  authority  in  matters  of  pure  reason  is  incal- 
culable. 

No  other  discoveries  of  great  moment  were  made  until  over  a  gen- 
eration aft^r  Galileo  proved  the  existence  of  spots  on  the  sun  in  1611. 
Tliis  cessation  of  activity  was  doubtless  owing  to  the  difficulty  of  se- 
curing telescopes  of  greater  efficiency  than  that  possessed  by  Galileo, 
^^d  which  he  would  hardly  have  left  until  its  powers  of  discovery  had 
*^n  fully  exhausted  in  his  own  hands.  By  the  middleof  the  seventeenth 
<*6ntiu-y,  however,  several  makers  of  lenses  had  so  far  improved  the 
'Methods  of  grinding  and  i)olishing,  that  telescopes  notably  superior  in 
l^^er  to  that  of  Galilex>  were  procurable.  Of  these  Torricelli,  Divini, 
^'^d  Campani,  all  Italians, — Auzout,  who  constructed  a  telescope  600 
'^t  in  length,  though  no  means  was  ever  found  for  directing  such  an 
*'^ormous  instrument  towards  the  heavens, — ^but  above  all,  Huyghens, 
^^ve  won  distinction  as  telescope -makers.  The  last  named  philos- 
*^^er  discovered,  by  means  of  a  telescope  of  his  construction,  the  lar- 
^^t  satellite  of  Saturn  in  1655,  thus  adding  a  fifth  member  to  the  list 


^e  history  of  the  telescope  is  admirably  treated  in  PoggendorflTs  Ge9chichU 
^Xytikf  from  which  the  statements  above  axe  taken* 
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of  planetary  bodies  unknown  to  the  ancients.    But  his  most  important 
astronomical  discovery,  made  also  in  1655,  was  the   nature  of  the 
rings  of  Saturn.    This  object  had  greatly  puzzled  Galileo,  to  whose 
small  telescope  the  planet  appeared  to  consist  of  a  larger  sphere 
flanked  on  eitKer  side  by  a  smaller  one;  but  when  in  the  course  of  the 
orbital  motion  of  Saturn  the  rings  entirely  disappeared  he  was  wholly 
unable  to  suggest  an  explanation.    This  planet  had  thus  presented 
a  remarkable   problem  to  all  astronomical  observers  for  more  than 
forty  years,  and  the  records  of  the  efforts  to  solve  it  during  that  inter- 
val afford  us  a  most  excellent  means  of  judging  the  progress  in  practi- 
cal optics.    Huyghens  announced  these  discoveries  early  in  1656,  but 
that  relating  to  the  ring  was  given  in  the  form  of  an  anagram,  the 
solution  of  which   was  first  published  in  1659.    This  discovery  was 
contested  in  Italy  by  Divini,  but  was  finally  confirmed  by  members  of 
the  Florentine  Academy  with  one  of  Divini's  own  telescopes. 

A  few  years  later  the  famous  astronomer  Cassiui,  having  come  to 
Paris  from  Italy  as  royal  astronomer,  commenced  a  series  of  brilliant 
discoveries  with  telescopes  made  by  Campani,  of  Borne.  With  these, 
varying  in  length  from  35  feet  to  136  feet,  he  discovered  four  satellites 
to  Saturn  in  addition  to  the  one  discovered  by  Huyghens.  The  whol© 
number  was  increased  by  Herschel's  discovery  of  two  smaller  ones  in. 
1789,  a  hundred  and  five  years  after  Gassini's  last  discovery,  and  again 
by  Bond's  discovery  of  an  eighth  in  1848.  The  Saturnian  system,  to 
which  the  telescope  has  doubtless  been  directed  more  frequently  than 
to  anything  else,  thus  serves  as  a  record  of  the  successive  improva- 
ments  of  the  telescope.  Highly  significant  is  the  fact  that  the  discov- 
eries of  the  eighteenth  century  were  made  with  a  reflecting  telescope, 
the  others  all  being  with  refracting  instruments. 

Gassini's  discovery  in  1684  of  the  two  satellites  now  known  as  Tethys 
and  Dione,  wa.^  not  accepted  as  conclusive  until  long  afterwards,  when 
Pound,  in  1718,  with  a  telescope  123  feet  in  length,  which  Huyghens 
had  made  and  preseut'Cd  to  the  Eoyal  Society,  saw  all  five.    This  pax* 
ticular  instrument  is  of  especial  interest,  because  it  is  the  only  one  of 
those  of  the  last  half  of  tlie  seventeenth  century  which  has  been  cai^" 
tuUy  compared  with  modern  instruments.    Moreover,  it  is  witho^^ 
doubt  quite  equal  in  merit  to  any  of  that  i)eriod.    But  we  find  tU^^^ 
although  it  had  a  diameter  of  6  inches,  its  performance  was  har^*^ 
better  than  that  of  a  perfect  modern  telescope  of  4  inches  in  diamet>^^' 
and,  perhaps,  4 J  feet  in  length,  while  in  regard  to  convenience  in  ^c^^ 
the  modern  compact  instrument  is  incomparably  superior. 

Another  notable  discovery  of  this  period  was  that  of  the  duplies  i-**- 
of  the  rings  of  Saturn  by  the  Ball  brothers  in  1665,  though  its  in^^^ 
pendent  discovery  by  Gassini  ten  years  later  first  attracted  the  att-^^ 
tion  of  astronomers.  The  earlier  discovery  was  made  by  means  o 
telescope  38  feet  long  which  seems  to  have  been  of  English  manu 
ture.    We  must  regard  Gassini's  discovery  of  the  third  and  fourth 
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^llitesof  Saturn,  however,  as  iiiaiking  the  very  farthest  reach  of  the 
M  form  of  telescope;  a  ceDtury  was  to  elapse  and  an  entirely  new 
fonn  of  telescope  was  to  be  developed  before  another  considerable  ad- 
dition to  our  knowledge  of  the  aspect  of  the  heavenly  bodies  was  to  be 
made.  It  is  true  larger  telescopes  were  made,  and  Huyghens  invented 
a  means  by  which  tliey  could  be  used  without  tubes,  but  notwithstand- 
ing this  improvement  they  proved  so  cumbersome  as  to  be  impracticable. 

The  older  opticians  had  found  that  if  they  attempted  to  increase  the 
diameter  of  a  telescope  they  were  obliged  to  increase  its  length  in  a 
much  more  rapid  ratio  to  secure  distinct  vision.  The  reason  of  this 
was  not  clearly  understood,  but  it  was  supposed  to  be  owing  to  the  fact 
that  a  wave  fi'ont,  changed  in  curvature  by  passing  through  a  spherical 
surface,  is  no  longer  strictly  spherical.  This  deviation  in  shape  of  the 
refracted  wave  from  a  true  sphere  is  called  spherical  aberration.  When 
the  refracting  surfaces  are  large  and  of  considerable  curvature  this 
soon  becomes  very  serious,  but  by  using  small  curvature,  which,  in  a 
telescope,  obviously  corresi>onds  to  great  length,  the  effects  of  the  error 
can  be  made  insensible.  Newton's  discovery  of  the  comjiosite  nature 
of  light  and  of  the  phenomenon  of  dispersion  enabled  him  to  explain 
the  true  cause  of  indistinctness  in  short  telescopes;  namely,  that  the 
refraction  by  the  objective  varies  for  different  colors;  consequently,  if 
the  (x^ular  is  pla<!ed  for  one  particular  color,  it  will  not  be  in  the  riglit 
lH)sition  for  any  of  the  others,  whence  the  image  of  a  star  or  i)lanet 
^-11  si^m  to  be  surrounded  by  a  fringe  of  colored  light.  Newton  found 
^'*J8  source  of  indistinctness  in  the  image,  which  is  now  known  as 
chromatic  aberration,  many  hundred  times  as  serious  as  the  spher- 
ical aberrations.  As  he  was  persuaded  by  his  experiments  that  this 
^^stacle  to  further  improvement  in  the  refracting  telescope  was  in- 
^'U>erable,  he  turned  his  attention  to  a  form  of  telescope  which  had 
^n  suggested  a  number  of  years  earlier  in.  which  the  image  was  to 
^  formed  by  reflec^tion  from  a  concave  mirror,  and  constructed  a  small 
"^  with  his  own  hands  which  is  still  in  the  possession  of  the  Royal 
^<^iety.  This  little  instrument  seems  to  have  been  of  about  the  same 
^^er  a«  Galih»o's  instrument  with  which  he  discovered  the  satellites 

•I^upiter,  but  is  was  hardly  more  than  6  inches  in  length. 
Since  that  time  the  reflecting  telescope  has  had  a  remarkable  history 

<levelopmeut  in  the  hands  of  a  number  of  most  skillful  mechani- 
cals, who  have  also  for  the  most  part  been  distinguished  by  their  dis- 
^^ries  in  physical  astronomy;  we  may  therefore  advantageously 
Part  from  the  chronological  treatment  and  follow  the  history  of  this 
C^  of  instrument.  This  course  is  the  more  natural  because  we  may 
^Ijably  regard  the  supremacy  of  the  reflector  (undisputed  a  century 
^)  as  passed  away  forever. 

tl^ren  after  Newton's  invention  was  mtide  public,  little  was  done 
^sirds  the  improvement  of  telescopes  for  half  a  century,  until  Hadley 
^^^sented  a  reflector  of  his  own  construction  to  th^  Ilo^'dY  '^ova'^\;'^  m 
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1723,  which  was  found  to  be  equal  to  the  Huyghens  refractor  of  123 
feet  in  length.  From  this  time  we  may  date  the  beginning  of  the 
superiority  of  reflectors.  A  few  years  later  Short  commenced  his 
career  as  a  practical  optician,  and  for  thirty  years  he  was  unapproached 
in  the  excellence  of  his  instruments.  During  this  time  many  telescopes, 
more  powerful  than  the  best  of  the  previous  century  and  infinitely  more 
convenient  in  use,  had  been  made  and  scattered  throughout  Europe, 
but  during  this  period  also  there  was  a  singular  dearth  of  telescopic 
discovery.  Perhaps  men  thought  that  the  harvest  had  already  been 
gathered ;  or,  perhaps,  we  may  find  the  explanation  in  that  the  great 
cost  of  telescopes  so  restricted  their  use  that  the  impulse  to  discovery 
by  their  means  was  confined  to  a  very  small  class.  In  view  of  the 
remarkable  manner  in  which  the  standstill  in  this  branch  o{  science 
was  finally  followed  by  a  brilliant  period  of  discovery,  rivalled  aloue 
by  that  of  Galileo,  we  might  well  regard  the  latter  cause  as  the  chief 
one. 

William  Ilerschel  was  bom  in  1738  in  Hanover.  In  1755  he  left  his 
native  country,  and  going  to  England,  secured  a  iK>sition  as  organist 
in  Octagon  Chapel,  Bath,  where  we  find  him  in  1766.  Here  he  became 
so  j)rofoundly  interested  in  the  views  of  the  heavens  which  a  borrowed 
telescope  of  moderate  power,  yielded,  that  he  tried  to  purchase  one  in 
London.  The  cost  of  a  satisfactory  instrument  proving  beyond  his 
command,  he  determined  to  construct  one  with  his  own  hands.  Thus 
he  entered  upon  a  course  which  was  to  reflect  honor  upon  himself,  his 
country,  and  his  age,  and  which  was  to  add  more  to  physical  astronomy 
than  any  other  one  man  has  added  before  or  since.  With  almost 
inconceivable  industry  and  perseverance  he  cast,  ground,  and  polished 
more  than  four  hundred  mirrors  for  telescopes,  varying  in  diameter 
from  6  to  48  inches.  This  in  itself  would  imply  a  busy  life  in  any  arti- 
san, but  when  we  remember  that  all  this  was  merely  subsidiary  to  his 
main  work  of  astronomical  discovery,  we  can  not  withhold  our  admira- 
tion. 

Fortunately  for  science  as  well  as  for  himself,  he  made  e^rly  in  his 
career  a  discovery  of  the  very  first  importance  which  attached  the  at" 
tention  of  all  Christendom.    On  the  night  of  March  13, 1781,  Hersche^ 
was  examining  small  stars  in  the  constellation  of  Gemini  with  ou^^  ^ 
his  telescopes  of  a  little  more  than  6  inches  in  diameter,  when  he  p^^' 
ceived  one  that  appeared  "  visibly  larger  than  the  rest."    This  pro'^^ 
to  be  a  new  world,  now  known  as  Uranus.    The  discovery  led  in  ^*^^ 
following  year  to  his  appointment  as  astronomer  to  the  king,  Geo^S 
III,  with  a  salary  sufiicient  to  enable  him  to  devote  his  whole  tim^ 
astronomy. 

One  of  the  fruits  of  this  increased  leisure  was  the  construction  ^^^ 
telescope  far  more  powerful  than  had  been  dreamed  of  by  his  pr^"^J 
cessors,  namely,  a  telescope  4  feet  in  diameter  and  40  feet  in  len^^^ 
Commenced  in  1785,  Herschel  dated  its  completion  as  August  28,  L  '^ 
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when  he  discovered  by  its  means  a  sixth  satellite  of  Saturn  and,  less 
than  a  month  later,  a  seventh,  even  closer  to  the  planet  and  smaller 
than  the  sixth.  We  may  regard  this  achievement  as  marking  the  limit 
)f  progress  in  the  reflecting  telescope,  for,  although  at  least  one  a« 
arge  is  now  in  use,  and  one  even  half  as  large  again  has  been  con- 
itructed,  it  is  more  than  doubtful  whether  they  were  ever  as  perfect  as 
lerschel's  at  its  best. 

There  has  been  one  improvement  however  in  the  reflecting  telescope 
ince  the  time  of  Herschel  which  ought  not  to  be  left  unnoticed  here, 
lamely,  that  of  replacing  the  heavy  metal  mirror  by  one  of  glass,  made 
veil  more  highly  reflective  than  the  old  iniiTors  by  a  thin  coating  of 
ilver  deposited  by  chemical  methods  upon  the  polished  glass.  The 
:reat  advantage  of  this  modern  form  of  reflector  lies,  not  so  much  in 
he  greater  lightness  and  rigidity  of  the  materiiil  as  in  that  the  suiface 
Fheu  tiirnished  can  be  renewed  by  the  simple  process  of  replacing  the 
Id  silver  film  by  a  new  one;  whereas  in  the  metal  reflectors  a  tarnished 
urface  required  a  repetition  of  the  most  difficult  and  critical  portion  of 
he  whole  process  of  construction.  The  construction  is  also  so  compar- 
atively simple  that  an  efficient  reflector  is  far  less  expensive  thiin  are 
efracting  telescopes  of  like  power,  so  that  this  may  be  regarded  as 
)articularly  the  amateur's  telescope.  On  the  other  hand,  such  tele- 
icope^  are,  like  their  predecessors,  extremely  inconstant,  and  they  re- 
juire  much  more  careful  attention  to  keep  them  in  w^orking  order.  It 
8  for  these  reasons,  doubtless,  that  silver-on-glass  reflectors  have  done 
io  little  for  the  advancement  of  {istronomical  discovery.  In  astronom- 
cal  photograph^',  however,  they  promise  to  do  much;  and  indeed,  at 
the  present  date  by  far  the  best  photogi'aphs  we  have  of  any  nebula; 
bve  been  made  by  Mr.  Common's  magnificent  reflector  of  3  feet  in 
iiameter,  and  by  the  20  inch  reflector  of  Mr.  lioberts. 

We  must  go  back  now  to  a  quarter  of  a  century  before  Herschel  dis- 
overed  the  new  planet, — to  the  very  year  indeed  when  that  great 
«stronomer  first  set  foot  on  English  soil, — in  order  to  trace  the  history 
f  another  form  of  telescope  which  has  remained  unrivalled  for  the  last 
alf  century  in  the  more  difficult  fields  of  astronomical  research,  and 
?hich  to-day  finds  its  most  perfect  development  in  the  instruments  at 
fount  Hamilt^m,  at  Pulkowa,  at  Vienna,  and  at  Washington. 

Newton  had  declared  that,  as  a  result  from  his  experiments,  separa- 
loii  of  white  light  into  its  constituent  colors  was  an  inevitable  accom- 
•animent  of  deviation  by  refraction,  and  consequently  the  shortening  of 
he  unwieldy  refiactors  was  impracticable.  The  correctness  of  the  ex- 
teriraents  remained  unquestioned  for  nearly  a  century;  but  a  famous 
rermau  mathematician,  Euler,  did  question  his  conclusion.  His  argu- 
lent  was  that  since  the  eye  does  produce  colorless  images  of  white  ob- 
w^ts  it  might  be  possible  by  the  proper  selection  of  curves  to  so  combine 
eiises  of  glass  and  of  water  as  t^)  produce  a  telescope  free  from  the  <*olor 
lefect.    Although  Euler's  premise  was  an  error,  since  the  eye  is  not  free 
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from  dispersion,  his  efforts  had  the  effect  of  leading  to  much  more  crit- 
ical study  of  the  phenomena  involved.  In  this  John  Dolland,  an  Eng- 
lish optician,  met  with  brilliant  success.  Bepeating  an  experiment  of 
Newton's  with  a  prism  of  water  opposed  by  a  prism  of  glass  he  found 
that  deviation  of  light  could  be  produced  without  accompanying  dis 
persion  into  prismatic  colors.  More  than  this,  he  found  that  the  two 
varieties  of  glass,  then  as  now  common  in  England — crown  or  common 
window  glass,  and  flint  glass,  which  is  characterized  by  the  presence 
of  a  greater  or  less  quantity  of  lead  oxide — possessed  very  different 
powers  in  respect  to  dispersion;  thus,  of  two  prisms  of  these  two  vari- 
eties of  glass  which  would  deflect  the  light  by  the  same  angle,  that 
made  of  flint  glass  would  form  a  spectrum  nearly  twice  as  long  as  the 
other;  hence,  if  a  prism  of  crown  glass  deflecting  a  transmitted  beam 
of  light,  say  10  degrees,  were  combined  with  one  of  flint  glass  which 
would  deflect  the  beam  of  light  5  degrees  in  the  opposite  direction  there 
would  remain  a  deflection  of  5  degrees  without  division  into  color.  It 
also  follows  that  a  positive  lens  of  crown  combined  with  a  negative 
lens  of  flint  of  half  the  power  would  yield  a  colorless  image.  Such 
combhiations  of  two  different  substances  are  called  achromatic  systems. 

It  is  a  singular  fact,  worth  noting  in  passing,  that  more  than  twenty 
years  before  Dolland's  success,  Mr.  Chester  More  Hall  had  invented 
and  made  achromatic  telescopes,  but  this  remained  unknown  to  the 
world  of  science  until  after  Dolland's  telescopes  became  famous. 

For  along  time  this  ingenious  invention  remained  fruitless  for  astro- 
nomical discovery,  (though  they  were  early  applied  to  meridian  iostru- 
ments,)  on  account  of  the  imx)ossibility  of  securing  sufficiently  large  and 
perfect  pieces  of  glass,  more  particularly  of  flint  glass.  Not  until  after 
the  beginning  of  this  century  was  any  real  advance  in  this  branch  of 
the  arts  exhibited.  Even  then  success  appeared,  not  in  England  or 
France,  where  most  strenuous  efforts  had  been  made  to  improve  the 
quality  of  optical  glass,  but  in  Switzerland.  There  a  humble  mechauic, 
a  watchmaker  named  (luinaud,  spent  many  years  in  efforts,  long  un- 
fruitful, to  make  large  pieces  of  optical  glass.  What  degree  of  success 
he  attained  there  during  twenty  years  of  experiment  we  do  not  know, 
though  from  the  fact  that  during  that  period  good  achromatic  tele- 
scopes of  more  than  5  inches  in  diameter  were  unknown  we  must  con- 
elude  that  his  success  was  limited.  In  1805  he  joined  the  optical 
establishment  of  Fraunhofer  and  Utzschneiden  in  Munich.  Here  he 
remained  nine  years,  and  with  the  increased  means  at  his  disi>osal,  a^d 
tlie  aid  of  Fraunhofer,  he  perfected  his  methods  so  far  that  the  pr^' 
duetion  of  large  disks  of  homogeneous  glass  became  only  a  matter  of 
time  and  cost;  that  is  to  say,  all  of  the  large  pieces  of  optical  gl^ss 
which  have  since  been  produced,  whether  in  Germany,  France,  or  Bug- 
land,  have  been  made  by  direct  heirs  of  the  practical  secrets  of  this 
Swiss  watchmaker. 

Fraunhofer  was  a  genius  of  a  high  order.     Although  he  died  at  the 
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irly  age  of  39,  he  had  not  only  brought  the  achromatic  telescope  to  a 
egree  of  optical  perfection  which  made  it  a  rival  of  the  most  powerful 
f  the  reflector  type,  and  so  far  improved  its  method  of  mounting,  that 
is  system  has  replaced  all  others;  but  he  also  made  some  capital  dis- 
overies  in  the  domain  of  physical  optics.  His  great  achievement  was 
tie  construction  of  an  achromatic  telescojje  9.6  inches  in  diameter, 
ith  which  the  elder  Struve  made  at  Dorpat  his  remarkable  series  of 
iscoveries  and  mcj^urement  of  double  stars.  The  character  of 
t^ruve's  work  demonstrates  the  excellence  of  the  telescope,  and  shows 
I  that  it  is  to  be  ranked  as  the  equal  of  all  but  the  very  best  of  its 
edecessors.  Indeed,  it  may  fairly  be  concluded  that  not  more  than 
le  or  two  telescopes,  and  those  made  and  used  by  Herschel,  had  ever 
?en  of  greater  power,  while  in  convenience  for  use  the  new  refractor 
IS  vastly  superioj*. 

For  a  long  time  Fraunhofer  and  his  successors,  Merz  and  Mahler, 
>m  whom  the  great  telescopes  of  Pulkowa  and  of  the  Harvard  Observ- 
ory  were  procured,  remained  unrivalled  in  this  field  of  optics.  But 
ey  have  been  followed  by  a  number  of  skillful  constructors  whose 
oducts  have,  since  the  middle  of  the  century,  been  scattered  all  over 
e  world.  In  Germany,  Steinhei I  and  Schroder;  in  France,  Canchois, 
artin,  and  the  Henry  brothers;  in  England,  Cook  and  Grubb;  and  in 
is  country  the  Clarks  and  Brashear,  have  each  produced  one  or  more 
«at  telescopes  which  has  rendered  his  name  familiar  to  all  readers  of 
tronomical  history.  Of  these  the  Clarks,  father  and  son,  have  beyond 
doubt  won  the  first  place,  whether  determined  by  the  character  of 
e  discoveries  made  by  means  of  their  instruments  or  by  the  fact  that 
le  two  most  powerful  telescoi)es  in  existence  were  mjide  by  them, 
imely,  the  new  refractor  of  30  inches  in  diameter,  at  Pulkowa,  and  the 
eat  refractor  of  3  feet  diameter,  of  the  Lick  Observatory  in  Cfilifornia. 
lie  most  notable  discoveries  made  with  their  telescopes  are  the  satel- 
fces  of  Mars  and  the  companion  to  Sirius;  but  besides  these  there  is  a 
ng  list  of  double  stars  of  the  most  diflicnlt  character  discovered  by 
le  makers  themselves,  by  Dawes,  in  England,  by  Burnham,  in  our 
vn  country,  and  by  a  number  of  other  observers. 
We  ought  not  to  terminate  our  review  of  the  development  of  the  tel- 
eope  without  a  reference  to  the  i)arailel  development  of  the  mounting 
'  great  telescoi)es.  Indeed,  did  this  not  lead  us  too  far  from  the  im- 
ediate  aim  in  view,  we  might  find  a  great  deal  of  interest  and  be 
ought  into  agreeable  contact  with  some  of  the  cleverest  mechanicians 
id  engineers  of  two  centuries  by  tracing  its  course.  We  shouhl 
eet  with  Huyghens,  as  the  inventor  of  the  aerial  telescope,  and  per- 
ips  consider  the  claims  of  his  contemporary,  Robert  Hook,  as  a  rival 
ventor,  for  we  may  be  sure  that  nothing  which  brings  us  to  a  study 
that  curious  and  able  i)hilosopher  w^ould  fail  to  possess  interest.  We 
lOuld  find  Herschel  confronted  with  the  problem  as  to  how  he  should 
le  his  great  4()-foot  telescope,  and  the  study  of  his  solution  would 
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guide  lis  in  valiiiug  the  results  of  the  subsequent  efforts  of  Lassel  and 
liosse.    Tbe  same  line  of  study  would  bring  us  to  Gnibb's  clev4T  and 
interesting  equatorial  mounting  of  that  anachronism,  the  4-foot  Mel- 
bourne reflector.    But  we  should  find,  nothing  of  very  notable  interest 
in  the  mounting  of  refractors,  after  the  time  of  Huyghens  and  Hook, 
until  Fraunhofer  invented  a  t>^)e  of  mounting  for  the  famous  Dorpat 
equatorial,  wliich  still  remains  in  its  essential  features  as  the  tyi)e  in 
universal  use.    With  the  increase  in  size  of  the  telescoi)es  to  be  directed 
towards  the  heavens,  however,  the  number  and  complexity  of  the  me 
chanical  problems  to  be  solved  has  been  vastly  increased,  so  that  they 
have  taxed  the  best  powers  of  some  of  the  ablest  mechanicians.    The 
Repsold8,of  Germany,  and  Sir  Howard  (Inibb,  of  Dublin,  have  specially 
distinguished  themselves  in  this  field  of  activity.    But  it  seems  to  rae 
that  none  have  shown  greater  fertility  of  resources,  greater  skill  in  the 
solution  of  every  problem  affecting  the  comfort  and  efficacy  of  the  ob 
server,  and  greater  taste,  combined  with  accurate  workmanship,  than 
have  the  celebrated  firm  which  has  mounted  the  telescope  at  Mount 
Hamilton  and  that  at  Carleton  College. 

We  come  now  to  a  consideration  of  the  present  stat^  of  the  art  of 
lens-making.  We  ask  why  such  a  very  large  proportion  of  the  tele 
scopes  in  existence  are  bad;  why  there  was  a  time,  brief  it  is  true,dnr 
ing  which  the  glass-maker  was  certainly  in  advance  of  the  demands  of 
tele8co[)e- makers;  and  why,  finally,  the  first  of  the  great  modern  objec- 
tives was  in  the  hands  of  the  most  skillful  optician  in  Great  Britain  for 
seven  years,  and  even  then  this  maker  asserted  that  it  was  incomplete. 

These  questions  can  not  be  answered  in  a  word,  but  we  can,  at  least, 
gain  much  in  perspicuity  by  recognizing  that  the  reasons  are  of  two 
distinct  kinds,  namely,  purely  technical,  and  theoretical;  and  by  re- 
garding them  briefly  in  succession. 

The  art  of  lens-making  can  be  certainly  traced  back  to  the  13th  cen- 
tury, though  the  methods  at  a  much  later  day  than  that  were  so  rude 
that,  as  we  have  seen,  (jalileo  hjid  the  utmost  difficulty  in  making  a 
lens  good  enough  to  bear  a  magnifying  power  of  30  times.  At  the 
present  day  there  is  little  difficulty  in  selecting  a  spectacle  glass  which 
would  rival  that  most  famous  of  all  telescopes.  Not  until  after  another 
generation  of  eflort  was  there  such  notable  improvement  in  the  tech- 
nique of  lens-making  that  further  astronomical  discovery  was  possible. 
The  reasons  for  this  slow  progress  are  to  be  found  in  the  extremely 
criticjil  requirements  for  a  good  lens.  A  departure  by  a  fraction  of  a 
hundred  thousandth  part  of  an  inch  from  a  correct  geometrical  surface 
will  greatly  impair  the  performance  of  an  objective.  But  even  at  this 
day  the  limit  of  accurate  measurement  may  be  set  at  about  a  one-hun- 
dred-thousandth of  an  inch,  while  it  is  quite  probable  that  ten  times 
that  value  was  vanishingly  small  to  the  artisans  of  a  century  or  more 
ago.  It  was  necessary  therefore  to  devise  a  method  of  polishing— 
for  it  is  a  comparatively  simple  matter  to  grind  a  surface  accurately— 


THE   HISTORY   OF   THE   TELESCOPE.  105 

which  shonld  keep  the  surface  true  within  a  limit  far  transcending  the 
ranjre  of  measurements.  Huyghens  is»the  first  who  seems  to  have  done 
this,  by  polishing  upon  a  past«  which  was  formed  to  the  glass  and  then 
dried,  and  by  using  only  the  central  portion  of  a  large  lens.  In  Italy 
Campani  developed  a  system  which  he  most  jealously  guarded  as  a 
secret  until  his  death,  consisting  of  polishing  with  a  dry  powder  on 
paper  cemented  to  the  grinding  tools.  This  method  still  survives  in 
Paris  to  the  exclusion  of  almost  all  others,  and  it  is  probably  the  best 
for  work  which  does  not  demand  the  highest  scientific  precision. 

Newton  however  was  the  first  to  introduce  a  method  which  has 
since  been  develox>ed  to  a  state  of  surprising  delicacy.  Casting  about 
for  a  means  which  should  be  suflftciently  "tender,''  to  use  his  own  ex- 
pression, for  polishing  the  soft  speculum  metal,  he  fixed  upon  pitch, 
shaped  to  the  mirror  while  warm,  as  a  bed  to  hold  the  polishing  powder. 
But  the  enormous  value  of  this  substance  lies  not  so  much  in  the  com- 
parative immunity  which  it  gives  from  scratching,  but  in  the  fact  that 
tinder  slowly  changing  forces  it  is  a  liquid,  but  under  those  of  short 
duration  it  behaves  like  a  hard  and  brittle  solid.  Thus  it  is  possible 
to  slowly  alter  the  shape  of  a  lens  while  polishing,  in  any  desired  direc- 
tion. It  was  only  after  the  practical  recognition  of  this  fact  that  really 
excellent  lenses  were  much  more  than  a  question  of  good  fortune.  The 
l)erfecting  of  this  method  belongs  without  doubt  to  the  English  of  the 
last  century  and  the  early  part  of  this.  In  the  Philosophical  Transac- 
tions, we  find  many  long  pai)ers  relating  to  this  art,  contributed  by 
skillful  and  successful  amateurs.  We  may  therefore  regard  the  tech- 
^•ique  of  the  art  of  lens-making  as  practically  complete  at  the  middle  of 
tius  century  and  as  common  property,  so  that  success  no  longer  de- 
pends upon  the  holding  of  some  special  or  secret  method. 

We  are  now  (after  this,  I  fear,  somewhat  dry  discussion  of  a  necessary 
point)  in  a  condition  to  explain  the  differences  between  the  processes 
pursued  by  most  telescope-makers  and  that  of  the  maker  of  the  Carleton 
^'ollege  telescope. 

This  is  the  ordinary  method :  After  securing  perfect  pieces  of  glass, 
<*Town  and  flint,  as  like  as  possible  to  those  generally  used,  and  having 
^xed  upon  the  general  shape  of  the  lenses,  a  gness  is  made  as  to  the 
I'l'oper  radii  of  the  four  surfaces  to  determine  the  desired  tVwal  length 
•tJid  wirrections  both  for  color  and  spherical  aberration.  The  success 
'^t  this  guess  ha.s  much  to  do  with  the  necessary  outlay  of  labor,  and 
therefore  past  experience  is  of  great  value  as  a  guide.  After  working 
the  four  surfaces  to  the  dimensions  provisionally  adopted  so  far  as  to 
^niit  of  fairly  good  seeing  through  the  objective,  an  examination  of  the 
errors  is  made.  Should  the  errors  of  color  be  so  small  that  their  final 
^n^tion  will  not  make  the  telescope  more  than  from  3  to  10  i)er  cent 
^^ter  or  less  than  the  desired  focal  length,  the  crown  lens  will  prob 
^ly  be  completed  in  accordance  with  the  provisional  figures.  Then 
^he  flint  lens  will  be  modified  in  such  a  direction  as  will  tend  to  correct 
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the  observed  errors  of  color  and  figure,  until,  by  a  purely  tentative  proc- 
ess, the  color  error  is  praeticaUy  negligible  and  the  error  of  figure  is 
small.  Then  follows  a  process  when  the  qualities  of  skill,  conscieDtioas- 
ness,  and  perseverance  have  full  scope.  This  process  first  introduced,  or 
at  least  made  public  by  Foucault,  is  known  as  local  correcting.  It 
consists  in  slowly  polishing  away  portions  of  the  lens  surfaces  so  that 
errors  in  the  focal  image  become  so  small,  not  that  they  can  not  be  de- 
tected, but  that  one  can  not  determine  whether  they  are  on  the  one 
side  of  truth  or  the  other.  Local  correcting  has  always  seemed  to  me 
to  be  eminently  unscientific  and  unnecessary.  It  is  a  x>rocess  of  mak- 
ing errors  small  which  ought  not  to  exist. 

Mr.  Brashear's  method  is  essentially  different  from  this.  Before  the 
glasses  are  touched  every  dimension  and  constant  of  the  finished 
objective  is  known  with  great  accuracy.  His  whole  aim  is  to  make  the 
surfaces  geometrically  perfect;  and  by  ingenious  polishing  machinery, 
which  embodies  twelve  years  of  his  thought  and  experience,  he  is 
enabled  to  do  this  with  truly  astonishing  exactness.  All  the  surfaces 
which  admit  of  investigation — ^usuaUy  three  in  his  ordinary  constrac- 
tion — are  made  rigidly  true  without  regard  to  the  character  of  the  focal  • 
imago.  This  leaves  only  one  surtace  which  is  known  to  be  very  nearly 
a  sphere,  but  probably  deviating  slightly  within  in  the  direction  of  a 
prolate  or  oblate  spheroid.  A  glance  at  the  character  of  the  focal  image 
will  determine  this  point.  Then  the  polishing  machine  is  adapted  to 
bring  about  a  change  in  the  proper  direction,  and  after  action  during  a 
measured  interval  of  time,  the  image  is  again  examined,  and  from  tiie 
observed  change  in  character  the  necessary  time  for  complete  correc- 
tion by  the  same  or  contrary  action  may  be  deduced.  It  will  be 
observed  that  by  this  means  it  is  quite  possible  to  correct  errors  which 
are  much  too  small  to  betray  their  n.ature,  sinc«  a  step  in  the  wrong 
direction  carries  with  it  no  consequences  of  the  slightest  moment,  since 
any  step  may  be  retraced. 

When  we  learn  that  Mr.  Brashear's  telescope  objectives  have  always 
had  a  focal  length  differing  only  from  one-tenth  to  one  one-hundred- 
and-eightieth  of  1  per  cent  of  the  value  prescribed,  we  have  a  sugges 
tion  of  the  success  of  his  efforts.  But  adding  to  that  the  fact  that  he 
is  absolutely  untrammelled  by  purely  mechanical  considerations,  either 
as  to  the  shape  of  his  lenses  or  the  character  of  his  materials,  leaving 
these  questions  to  be  decided  alone  by  the  requirements  of  the  astrono- 
mer, it  seems  to  me  that  we  may  fairly  accord  to  him  the  merit  of  the 
most  important  improvements  intrcxluced  into  his  art  for  a  very  long 
period. 

I  shall  not  venture  to  demand  much  of  your  time  in  considering  the 
purely  theoretical  difficulties  in  telescope  construction,  not  merely  be* 
cause  the  subject  has  already  taxed  our  patience,  but  because  it  wouM 
be  of  almost  too  technical  a  character  did  we  allow  ourselves  to  regai'd 
anything  but  the  most  general  features. 
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Tbe  obvious  requiieineiits  lue  that  in  a  good  objective  the  light  cpm- 
iugfrom  a  point  in  the  object  should  be  concentrated  at  a  i)oint  iu  the 
image;  but  this,  combined  with  a  prescribed  focal  length,  may  be  re- 
duced to  three  conditions:  First,  a  fixed  focal  length;  second,  freedom 
from  color  error;  third,  freedom  from  spherical  aberration  for  a  partic- 
ular color  or  wave  length  of  light.  Now  let  us  catalogue  what  provi- 
sions we  have  for  satisfying  these  conditions.  They  are,  four  surfaces, 
which  must  be  spherical  but  may  have  any  radii  we  please,  the  two 
thicknesses  of  the  two  lenses,  and  the  distance  which  separates  the 
lenses — ^that  is,  seven  elements  which  may  be  varied  to  suit  our  require- 
ments. As  a  matter  of  fact,  however,  on  account  of  the  cost  of  the 
material  and  the  fact  that  glass  is  perfectly  transparent,  for  powerful 
telescoi>es  we  must  make  the  lenses  as  thin  as  possible;  and  we  shall 
find  also  that  separating  the  lenses  introduces  errors  away  from  the 
axis  which  are,  to  say  the  least,  undesirable.  We  have  left,  therefore, 
only  the  four  radii  as  arbitrary  constants.  These,  however,  are  more 
than  enough  to  meet  the  three  requirements.  To  make  the  problem 
determinate  we  must  add  another  condition.  The  suggestion  of  this 
fourth  condition  and  carrying  the  problem  to  its  solution  is  the  work 
of  the  great  mathematicians  who  have  directed  their  thought  to  it. 
Clairault  proposed  to  make  the  fourth  condition  that  the  two  adjacent 
surfaces  should  fit  together  and  the  lenses  be  cemented.  This  condition 
vould  be,  doubtless,  of  great  value  were  it  possible  to  cement  large  lenses 
without  changing  their  shapes  to  a  degree  which  would  quite  spoil  their 
performance.  Sir  John  Herschel  published  a  very  important  paper  in 
1821,  in  which  he  made  the  fourth  condition  that  the  spherical  aberration 
should  vanish,  not  only  for  objects  at  a  very  great  distance,  but  also  for 
those  at  a  moderate  distance.  In  this  pajier  he  computed  a  table,  after- 
wards greatly  extended  by  Prof.  Baden  Powell,  for  the  avowed  purpose 
of  aiding  the  privctical  optician.  It  was  this  feature  undoubtedly  which 
brought  his  construction,  not  at  all  a  good  one  as  we  shall  see,  into 
niore  general  use  than  any  other  for  some  time.  But,  as  all  HerschePs 
tables  were  derived  from  calculations  which  wholly  disregarded  the 
thickness  of  the  lenses,  I  am  quite  unable  to  see  how  they  could  have 
been  of  any  material  aid,  and  am  inclined  to  suspect  that  the  discredit 
with  which  opticians  have  received  the  dicta  of  mathematicians  con- 
<«rning  their  instruments  may  have  been  due  in  part  to  this  very  fact. 
It  is  a  singular  fact,  for  which  I  have  in  vain  sougbt  the  explanation, 
that  Fniunhofer's  objectives  are  of  just  such  a  form  a«  to  comply  with 
the  Herschelian  solution,  although  they  must  have  been  made  quite 
independently. 

^lauss  made  the  fourth  condition  that  another  color  or  wave-length 
^flight  should  be  also  free  from  spherical  aberration.  This  seems  to 
We  been  a  tour  deforce  as  a  mathematician,  not  as  a  sober  suggestion 
of  an  improvement  in  construction,  for  in  a  point  of  fact  the  construc- 
tion is  very  bad.     It  was  generally  believed  that  this  condition  could 
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uot  be  fulfilled;  therefore  Gauss,  wbo  was  particularly  fond  of  doing 
what  all  the  rest  of  the  world  believed  impossible,  straightway  did  it. 
There  has  been  only  one  effort  to  carry  out  this  suggestion  of  Gauss, 
and  that  forty  years  later  by  Steinheil,  but  it  proved  a  disappointment 
A  much  larger  objective  made  by  Clark  a  few  years  ago,  of  the  general 
form  of  Gauss's  objective,  probably  does  not  meet  the  Gaussian  condi- 
tion,— at  least  this  condition  is  extremely  critical,  and  I  believe  it  is  not 
asserted  that  the  objective  was  ever  thoroughly  investigated.  It  has 
been  the  father  of  no  others. 

It  is  hardly  surprising,  since  none  of  these  forms  have  any  i-eal  merit, 
that  the  practical  optician  has,  following  the  line  of  least  resistance, 
adopted  a  form  which  costs  him  less  labor  than  those  heretofore  men- 
tioned and  is  quite  as  good.  Ky  making  the  curve  equi-i*onvex  the 
trouble  and  expenvse  of  making  one  pair  of  tools  is  saved,  although  tbis 
would  hardly  appear  a  satisfactory  reason  for  choice  of  a  particular 
form  to  the  astronomer,  who  simply  demands  the  best  possible  instni 
ment  of  research. 

The  reason  for  so  much  futile  work  on  the  theory  of  the  telescoiie 
objective  is  not  far  to  seek.  It  had  always  been  tacitly  assumed  that 
the  condition  of  color  correction,  one  of  those  which  serves  to  determine 
the  values  of  the  arbitrary  constants,  was  readily  determinable— in 
fact,  one  of  the  donne  of  the  problem,  whereas  it  is  just  this  datum 
which  has  offered  peculiar  difficulties.  Fraunhofer  brought  all  there 
sources  at  the  command  of  his  genius  to  bear  upon  this  i)oint,  and  frankly 
fiiiled,  although  in  the  effort  he  made  a  splendid  discovery,  which  has 
assured  a  permanence  to  his  fame  no  less  than  that  of  the  history  of 
science  itself — the  discovery  of  the  dark,  or  Fraunhofer,  lines  in  solar 
and  stellar  spectra.  Gauss  proposed  the  condition  that  the  best  objec- 
tive is  that  which  produces  the  most  perfect  concentration  of  light  about 
the  pljice  of  the  geometrical  ima^e  of  a  point,  just  as  the  best  rife 
practice  is  that  which  produces  the  maximum  concentration  of  hits 
about  the  center  of  the  target.  That  this  is  a  false  guide  appears  atonce 
from  the  consideration  that  if  we  take  even  as  much  as  10  per  cent  of 
the  light  from  an  object  and  diverted  from  the  image  so  far  that  it  (ai* 
not  be  found,  the  telescope  may  still  be  practically  ]>erfect;  all  of  Het- 
schel's  did  much  worse  than  this.  Bnt  if  you  tiike  that  same  10  per 
cent  and  concentrate  it  very  close  abont  the  image,  the  telescope  will 
be  absolutely  worthless. 

The  true  difficulty  with  most  of  the  theorists  is  this :  There  is  "o 
recognition  of  the  relative  weight  or  importance  of  unavoidable  errors. 
The  optician  is  confronted  at  the  very  outset  by  the  fact  that  absolute 
elimination  of  color  error  is  impossible,  for  certain  physical  reason* 
which  we  have  not  time  for  considering  farther.  He  can  reduce  the 
color  error  of  the  old  single-lens  tyi)e  of  telescopes  hundreds  of  times, 
and  hence  the  length  of  the  telescoi)e  tens  of  times.  It  is  this  f«ct 
which  prevents  the  still  farther  shortening  of  telescoi)es,  which  keep* 
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the  ratio  of  IcDgth  to  diameter  not  less  than  fifteen  to  one  in  large  tele- 
scopes   This  restriction  being  recognized,  let  us  revise  our  limiting  con- 
ditions.   They  now  become,  first,  fixed  focal  length;  second,  best  color 
correction;  third,  freedom  from  spherical  aberration  for  a  particular 
wave-length  of  light.    We  therefore  have  still  one  arbitrary  constant 
undetermined.    Plow  shall  we  fix  its  value,  and  thus  solve  the  problem 
completely?    Surely  there  is  only  one  rational  guide.    Consider  the 
residual  errors  and  make  the  fourth  condition  such  as  to  reduce  these 
errors  as  far  as  possible.    Now  the  only  remaining  errors  are  secondary 
color  error  and  spherical  aberration  for  colors  other  than  that  for  which 
it  is  eliminated,  or  more  scientifically,  chromatic  difference  of  spherical 
abeiTation.     Which  of  these  is  the  gravest  defect?    Our  answer  must 
dei)eud  upon  the  use  to  which  the  objective  is  to  be  put.    If  it  is  a 
high-power  microscope  objective,  it  is  certainly  the  second.    If  it  is  an 
objective  to  be  used  for  photographing  at  considerable  angular  dis- 
tances from  the  axis,  our  question  loses  its  physical  significance,  since 
ve  have  excluded  the  consideration  of  eccentric  refraction.    But  if  the 
objective  is  to  be  for  a  visual  telescope,  there  is  no  question  that  the 
defect  of  secondary  color  error  is  incomparably  the  most  serious.    Our 
fcurth  and  determining  condition  must,  therefore,  be  better  color  cor- 
rection. 

These  are  therefore  the  considerations  which  have  served  as  guides 
in  the  construction  of  the  Carleton  College  objective.  First,  the  selec- 
tion of  the  materials  which,  in  the  present  condition  of  the  art  of  opti- 
cal gla«s  making,  x)ossess  in  the  highest  degree  the  desired  physical 
properties;  second,  a  general  discussion  of  every  possible  combination 
of  these  two  pieces  of  glass  and  a  selection  of  the  forms  which  yield 
the  best  attainable  results.  This  conscientious  strife  after  scientific 
perfection,  the  unexcelled  skill  with  which  the  results  of  analysis  have 
l)eeii  interpreted  into  the  reality  of  substance,  the  gratifying  identity 
of  predicted  and  realized  values  of  physical  characteristics — all  of  these 
have  led  some  of  those  who  have  watched  the  growth  of  this  new  in- 
stmment  of  research  with  the  most  solicitous  attention  to  the  belief 
that  although  not  the  most  powerful  in  existence  it  may  well  be  the 
niost  perfect  great  telescope  yet  made.  Let  us  therefore  congratulate 
the  possessors  of  this  noble  instrument,  wish  them  God  speed  in  their 
search  after  knowledge,  while  we  remind  them  that  although  no  as- 
tronomer can  ever  make  another  discovery  which  will  rival  that  made 
by  the  insignificant  tube  first  directed  toward  the  heav^ens  by  the 
Paduan  philosopher,  yet  no  mind  can  weigh  the  importance  of  any 
trnth,  however  trivial  in  appearance,  which  may  be  added  to  that  store 
Hhich  we  call  "science." 
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By  Sir  Archibald  Geikie, 
Director-General  of  the  Oeologwal  Survey  of  Great  Britain. 


In  its  beneficent  progress  through  these  islands  the  British  Asso- 
atiou  for  the  Advancement  of  Science  now  for  the  fourth  time  receives 
Welcome  in  this  ancient  capital.  Once  again,  under  the  shadow  of 
ese  antique  towers,  crowded  memories  of  a  romantic  past  fill  our 
oughts.  The  stormy  annals  of  Scotland  seem  to  move  in  possession 
Jfore  our  eyes  as  we  walk  these  streets,  whose  names  and  traditions 
ive  been  made  familiar  to  the  civilized  world  by  the  genius  of  litera- 
re.  At  every  turn,  too,  we  are  reminded,  by  the  monuments'which 
grateful  city  has  erected,  that  for  many  generations  the  pursuits 
Web  we  are  now  assembled  to  foster  have  had  here  their  congenial 
>me.  Literature,  philosophy,  science,  have  each  in  turn  been  guided 
'  the  infiuence  of  the  great  masters  who  have  lived  here,  and  whose 
Down  is  the  brightest  gem  in  the  chaplet  around  the  brow  of  this 
ueen  of  the  North. 

Lingering  for  a  moment  over  these  local  associations,  we  shall  find  a 
euliar  appropriateness  in  the  time  of  this  renewed  visit  of  the  Asso- 
ition  to  Edinburgh.  A  hundred  years  ago  a  remarkable  group  of 
in  w«as  discussing  here  the  great  problem  of  the  history  of  the  earth, 
kines  Iluttou,  after  many  years  of  travel  and  reflection,  had  com- 
micated  to  the  Royal  Society  of  this  city,  in  the  year  1785,  the  first 
tlines  of  his  famous  Theory  of  the  Earth.  Among  those  with  whom 
took  counsel  in  the  elaboration  of  his  doctrines  were  Black,  the 
ustrious  discoverer  of  fixed  air  and  latent  heat;  Clerk,  the  sagac- 
18  inventor  of  the  system  of  breaking  the  enemy's  line  in  naval  tac- 
^;  Hall,  whose  fertile  ingenuity  devised  the  first  system  of  experi- 
siits  in  illustration  of  the  structure  and  origin  of  rocks;  and  Playfair, 
rough  whose  sympathetic  enthusiasm  and  literary  skiU  Button's 
kiws  came  ultimately  to  be  understood  and  ai)preciated  by  the  world 
large.  With  these  friends,  so  well  able  to  comprehend  and  criticise 
i  eflorts  to  pierce  the  veil  that  shrouded  the  history  of  this  globe,  he 
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paced  the  streets  amid  which  we  are  now  gathered  together;  with  then 
he  sought  the  crags  and  ravines  around  us,  wherein  Nature  has  law 
open  so  many  impressive  records  of  her  past;  with  them  he  salliec 
forth  on  those  memorable  expeditions  to  distant  parts  of  Scotland 
whence  he  returned  laden  with  treasures  from  a  field  of  observatioi 
which,  though  now  so  familiar,  was  then  almost  untrodden.  The  cei 
teiiary  of  Ilutton's  Theory  of  the  Earth  is  an  event  in  the  annals  ( 
science  which  seems  most  fittingly  celebrated  by  a  meeting  of  tli 
British  Association  in  Edinburgh. 

In  choosing  from  among  the  many  subjects  which  might  i)To\m\ 
engage  your  attention  on  the  present  occatsion,  I  have  thought  that 
would  not  be  inappropriate  nor  uninteresting  to  consider  the  moi 
salient  features  of  that  Theory,  and  to  mark  how  much  in  certai 
departments  of  inquiry  has  sprung  from  the  fruitful  teaching  of  ii 
author  and  his  associates. 

It  was  a  fundamental  doctrine  of  Hutton  and  his  school  that  tb 
globe  has  not  always  worn  the  aspect  which  it  bears  at  present;  th 
on  the  contrary,  proofs  may  everywhere  be  culled  that  the  land  whi( 
we  now  see  has  been  formed  out  of  the  wreck  of  an  older  land.  Amon 
these  proofs,  the  most  obvious  are  supplied  by  some  of  the  moi 
familiar  kinds  of  rocks,  which  teach  us  that,  though  they  are  nowpo 
tions  of  the  dry  land,  they  were  originally  sheets  of  gravel,  sand,  an 
mud,  which  had  been  worn  from  the  face  of  long- vanished  continent 
and  after  being  spread  out  over  the  floor  of  the  sea  were  consolidate 
into  compact  stone,  and  were  finally  broken  up  and  raised  once  moi 
to  form  part  of  the  dry  land.  This  cycle  of  change  involved  two  grej 
systems  of  natural  processes.  On  the  one  hand,  men  were  taughtthi 
by  the  action  of  running  water  the  materials  of  the  solid  land  are  in 
state  of  continual  decay  and  transi)ort  to  the  ocean.  On  the  otbi 
hand,  the  ocean  floor  is  liable  from  time  to  time  to  be  upheaved  b 
some  stupendous  internal  force  akin  to  thjit  which  gives  rise  to  tli 
volcano  and  the  earthcjuake.  Hutton  further  perceived  that  not  onl 
had  the  consolidated  materials  been  disrupted  and  elevated,  but  tin 
masses  of  molten  rock  had  been  tlirust  upward  among  them,  and  ba 
ct>oled  and  crystallized  in  large  bodies  of  granite  and  other  eniptiv 
rocks  which  Ibrm  so  prominent  a  feature  on  the  earth's  surface. 

It  was  a  special  characteristic  of  this  philosophical  system  that  1 
sought  in  the  changes  now  in  progress  on  the  earth's  surface  an  e^ 
planation  of  those  which  occiuTed  in  older  times.  Its  founder  refuse 
to  invent  causes  or  modes  of  operation,  for  those  with  which  he  wa 
familiar  seemed  to  him  adequate  to  solve  the  problems  with  which  b 
attempted  to  deal.  Nowhere  was  the  profoundness  of  his  insight  moi 
astonishing  than  in  the  clear,  definite  way  in  which  he  proclaimed  an 
reiterated  his  doctrine,  that  every  part  of  the  surface  of  the  continent 
from  mountain  top  to  seashore,  is  continually  undergoing  decay,  and  i 
thus  slowly  travelling  to  the  sea.    He  saw  that  no  sooner  will  the  se 
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floor  be  eievated  into  new  land  than  it  must  necessarily  become  a  prey 

to  this  universal  and  unceasing  degradation.    He  perceived  that  as  the 

transport  of  disintegrated  material  is  carried  on  chiefly  by  running 

water,  rivers  must  slowly  dig  out  for  themselves  the  channels  in  which 

they  flow,  and  thus  that  a  system  of  valleys,  radiating  from  the  water 

parting  of  a  country,  must  necessarily  result  from  the  descent  of  the 

streams  from  the  mountain  crests  to  the  sea.    He  discerned  that  this 

ceaseless  and  wide-spread  decay  would  eventually  lead  to  the  entire 

demolition  of  the  dry  land,  but  he  contended  that  from  time  to  time 

tills  catastrophe  is  prevented  by  the  operation  of  the  under-ground 

forces,  whereby  new  continents  are  upheaved  from  the  bed  of  the  ocean. 

And  thus  in  his  system  a  due  proportion  is  maintained  between  land 

and  water,  and  the  condition  of  the  earth  as  a  habitable  globe  is  pre- 

senred. 

A  theory  of  the  earth  so  simple  in  outline,  so  bold  in  conception,  so 
MI  of  suggestion,  and  resting  on  so  broad  a  base  of  observation  and 
reflection,  ought  (we  nught  think)  to  have  commanded  at  once  the  atten- 
tion of  men  of  science,  even  if  it  did  not  immediately  awaken  the  inter- 
est of  the  outside  world;  but,  as  Playfair  sorrowfully  admitted,  it 
attracted  notice  only  very  slowly,  and  several  years  elapsed  before  any 
one  showed  himself  publicly  concerned  about  it,  either  as  an  enemy  or 
a  friend.  Some  of  its  earliest  critics  assailed  it  for  what  they  asserted 
to  be  its  irreligious  tendency, — an  accusation  which  Hutton  repudiated 
with  much  warmth.  The  sneer  levelled  by  Oowper  a  few  years  earlier 
at  all  inquiries  into  the  history  of  the  universe  was  perfectly  natural 
and  intelligible  from  that  poet's  point  of  view.  There  was  then  a  wide- 
spread belief  that  this  world  came  into  existence  some  six  thousand 
years  ago,  and  that  any  attempt  greatly  to  increase  that  antiquity  was 
meant  as  a  blow  to  the  authority  of  Holy  Writ.  So  far  however  from 
aiming  at  the  overthrow  of  orthodox  beliefs,  Hutton  evidently  regarded 
bis  '^Theory"  as  an  important  contribution  in  aid  of  natural  religion. 
He  dwelt  with  unfeigned  pleasure  on  the  multitude  of  proofs  which  he 
vas  able  to  accumulate  of  an  orderly  design  in  the  operations  of  nature, 
<l^cay  and  renovation  being  so  nicely  balanced  as  to  maintain  the  hab- 
itable condition  of  the  planet.  But  as  he  refused  to  admit  the  pre- 
dominance of  violent  action  in  terrestrial  changes,  and  on  the  contrary 
contended  for  the  efficacy  of  the  quiet,  continuous  processes  which  we 
can  even  now  see  at  work  around  us,  he  was  constrained  to  require  an 
'iMlimited  duration  of  past  time  for  the  production  of  those  revolutions 
of  which  he  perceived  such  clear  and  abundant  proofs  in  the  crust  of 
tbe  earth.  The  general  public,  however,  failed  to  comprehend  that  the 
doctrine  of  the  high  antiquity  of  the  globe  was  not  inconsistent  with 
the  comparatively  recent  appearance  of  man, — a  distinction  which  seems 
^  obvious  now. 

Hutton  died  in  1797,  beloved  and  regretted  by  the  circle  of  friends 
Who  had  learned  to  appreciate  his  estimable  character  and  to  admire  his 
H.  Mis.  lU 8 
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genius,  but  with  little  recognition  from  the  world  at  large.  Men  knew 
not  then  that  a  great  master  had  passed  away  from  their  midst,  who 
had  laid  broad  and  deep  the  foundations  of  a  new  science;  that  his 
name  would  become  a  household  word  in  after  generations,  and  that 
pilgrims  would  come  from  distant  lands  to  visit  the  scenes  from  which 
he  drew  his  inspiration. 

Many  years  might  have  elapsed  before  Button's  teaching  met  witt 
wide  acceptance,  had  its  recognition  depended  solely  on  the  writings  o^ 
the  philosopher  himself.  For,  despite  his  firm  grasp  of  general  prin 
ciples  and  his  mastery  of  the  minutest  details,  he  had  acquired  a  liter 
ary  style  which,  it  must  bo  admitted,  was  singularly  unattractive 
Fortunately  for  his  fame,  as  well  as  for  the  cause  of  science,  his  devote* 
friend  and  disciple,  Playfair,  at  once  set  himself  to  draw  up  an  exposi 
tion  of  Mutton's  views.  After  five  years  of  labor  on  this  task  ther< 
appeared  the  classic  "Illustrations  of  the  Huttonian  Theory,"  a  worl 
which  for  luminous  treatment  and  graceful  diction  stands  still  withou' 
a  rival  in  English  geological  literature.  Though  professing  merely  it 
set  forth  his  friend's  doctrines,  Playfair's  treatise  was  in  many  respectr 
an  original  contribution  to  science  of  the  highest  value.  It  placed  foi 
the  first  time  in  the  clearest  light  the  whole  philosophy  of  Button  regard 
ing  the  history  of  the  earth,  and  enforced  it  with  <a  wealth  of  reasoning 
and  copiousness  of  illustration  which  obtained  for  it  a  wide  apprecia 
ation.  From  long  converse  with  Hutton,  and  from  profound  reflection 
himself,  Playfair  gained  such  a  comprehension  of  the  whole  subject 
that  discarding  the  nonessential  parts  of  his  master's  teaching,  he  w{« 
able  to  give  so  lucid  and  accurate  an  exposition  of  the  general  schema 
of  Nature's  operations  on  the  surfa<?e  of  the  globe,  that  with  only  slight 
corrections  and  expansions  his  treatise  may  serve  a«  a  text-book  to-day 
In  some  respects,  indeed,  his  volume  was  long  in  advance  of  its  time 
Only,  for  example,  within  the  present  generation  has  the  truth  of  luj 
teaching  in  regard  to  the  origin  of  valleys  been  generally  admitted. 

Various  causes  contributed  to  retard  the  progress  of  the  Huttoniai 
doctrines.  Especially  potent  was  the  influence  of  the  teaching  of  Wer 
ner,  who,  though  he  perceived  that  a  definite  order  of  sequence  conk 
be  recognized  among  the  materials  of  the  earth's  crust,  had  forniec 
singularly  narrow  conceptions  of  the  great  processes  whereby  thai 
crust  has  been  built  up.  His  enthusiam,  however,  fired  his  disciples 
with  the  zeal  of  proselytes,  and  they  spread  themselves  over  Europe  t< 
preach  every  where  the  artificial  system  which  they  had  learned  in  Sax 
otiy.  By  a  curiousfate  Edinburgh  became  one  of  the  great  headquarten 
of  Wernerism.  The  friends  and  followers  of  Hutton  found  themselvei 
attacked  in  their  own  city  by  zealots,  who  proud  of  superior  ininera 
logical  acquirements,  turned  their  most  cherished  ideas  upside  down 
and  assailed  them  in  the  uncouth  jargon  of  Freiberg.  Inasmuch  a£ 
subterranean  heat  had  been  invoked  by  Hutton  as  a  force  largely  in- 
strumental in  consolidating  and  upheaving  the  ancient  sediments  that 
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now  form  so  great  a  part  of  the  dryland,  his  followers  ivere  nicknamed 
Pliitonists.  On  the  other  hand,  as  the  agency  of  water  was  almost 
alone  admitted  by  Werner,  who  believed  the  rocks  of  the  earth's  crust 
to  have  been  chiefly  chemical  precipitates  from  a  primeval  universal 
oceiffl,  those  who  adopted  his  views  received  the  equally  descriptive 
name  of  Neptunists.  The  battle  of  these  two  contending  schools  raged 
fiercely  here  for  some  years,  and  though  mainly  from  the  youth,  zeal, 
and  energy  of  Jameson,  and  the  influence  which  his  position  as  pro- 
fesssor  in  the  university  gave  him,  the  Wernerian  doctrines  continued 
to  hold  their  place  they  were  eventually  abandoned  even  by  Jameson 
himself,  and  the  debt  due  to  the  memory  of  Button  and  Playfair  was 
tardily  acknowledged. 

The  pursuits  and  the  quarrels  of  philosphers  have  from  early  times 
heen  a  favorite  subject  of  merriment  to  the  outside  world.  Such  a  feud 
as  that  between  the  Plutonists  and  Keptunists  would  be  sure  to  furnish 
abandant  matter  for  the  gratification  of  this  propensity.  Turning  over 
the  pages  of  Kay's  ''  Portraits,"  where  so  much  that  was  distinctive  of 
Edinburgh  society  a  hundred  years  ago  is  embalmed,  we  find  Ilutton's 
I)er8onal  peculiarities  and  pursuits  touched  olf  in  good-humored  carica- 
ture. In  one  plate  he  stands  with  arms  folded  and  hammer  in  hand, 
meditating  on  the  face  of  a  cliff,  from  which  rocky  prominences  in 
shape  of  human  faces,  perhaps  grotesque  likenesses  of  his  scientific 
opponents,  grin  at  him.  In  another  engraving  he  sits  in  conclave  with 
his  friend  Black,  possibly  arranging  for  that  famous  banquet  of  garden 
snails  which  the  two  worthies  had  persuaded  themselves  to  look  upon 
as  a  strangely  neglected  form  of  human  footl.  More  than  a  generation 
later,  when  the  Huttonists  and  Wernerists  were  at  the  height  of  their 
antagonism,  the  humorous  side  of  the  controversy  did  not  escape  the 
notice  of  the  author  of  "Waverley,"  who,  you  will  remember,  when  he 
makes  Meg  Dods  recount  the  various  kinds  of  wise  folk  brought  by 
Lady  Penelope  Pennfeather  from  Edinburgh  to  St.  Konan^s  Well,  does 
not  forget  to  include  those  who  "rin  uphill  and  down  dale,  knapping 
tte  chucky-stanes  to  pieces  wi'  hammers  (like  sae  mony  road-makers 
run  daft),  to  see  how  the  warld  was  made." 

Among  the  names  of  the  friends  and  followers  of  Hutton  there  is  one 
^hich  on  this  oi*.casion  deserves  to  be  held  in  especial  honor,  that  of 
Sir  James  Hall,  of  Dunglass.  Having  accompanied  Hutton  in  some 
<^f  his  excursions,  and  having  discussed  with  him  the  i)roblems  pre- 
sented by  the  rocks  of  Scotland,  Hall  was  familiar  with  the  views  of 
Ws  master,  and  was  able  to  supply  him  with  fresh  illustrations  of  them 
from  different  j^arts  of  the  country.  Gifted  with  remarkable  originality 
a»id  ingenuity,  he  soon  perceived  that  some  of  the  questions  involved 
">  the  theory  of  the  earth  could  probably  be  solved  by  direct  physical 
exi)eriment.  Hutton  however  mistrusted  any  attempt  "to  judge  of 
the  great  operations  of  nature  by  merely  kindling  a  fire  and  looking 
ittto  the  bottom  of  a  little  crucible."    Out  of  deference  to  thi^  '^i^^V^^- 
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genius,  but  with  little  recognition  from  the  world  at  large.  Men  kne^w 
not  then  that  a  great  master  had  passed  away  from  their  midst,  wlio 
had  laid  broad  and  deep  the  foundations  of  a  new  science;  that  his 
name  would  become  a  household  word  in  after  generations,  and  tlia^t 
pilgrims  would  come  from  distant  lands  to  visit  the  scenes  from  whieli 
he  drew  his  inspiration. 

Many  years  might  have  elapsed  before  Hutton's  teaching  met  witl^ 
wide  acceptance,  had  its  recognition  depended  solely  on  the  writings  o'f 
the  philosopher  himself.    For,  despite  his  firm  grasp  of  general  prii ^  - 
ciples  and  his  mastery  of  the  minutest  details,  he  had  acquired  a  liter'- 
ary  style  which,  it  must  be  admitted,  was  singularly  unattractive^:. 
Fortunately  for  his  fame,  as  well  as  for  the  cause  of  science,  his  devote*^ 
friend  and  disciple,  Playfair,  at  once  set  himself  to  draw  up  an  exi)osm  - 
tion  of  Hutton's  views.    After  five  years  of  labor  on  this  task  ther 
appeared  the  classic  "  Illustrations  of  the  Huttonian  Theory,"  a  wor 
which  for  luminous  treatment  and  graceful  diction  stands  still  withou 
a  rival  in  English  geological  literature.    Though  professing  merely 
set  forth  his  friend's  doctrines,  Playfair's  treatise  was  in  many  respect 
an  original  contribution  to  science  of  the  highest  value.    It  placed  foi 
the  first  time  in  the  clearest  light  the  whole  philosophy  of  Hutton  regard 
ing  the  history  of  the  earth,  and  enforced  it  with  a  wealth  of  reasoniii 
and  copiousness  of  illustration  which  obtained  for  it  a  wide  apprecia 
atiou.    From  long  converse  with  Hutton,  and  from  profound  reflectioi 
himself,  Playfair  gained  such  a  comprehension  of  the  whole  subject 
that  discarding  the  non-essential  parts  of  his  master's  teaching,  he  wa 
able  to  give  so  lucid  and  accurate  an  exposition  of  the  general  schemes- 
of  Nature's  operations  on  the  surface  of  the  globe,  that  with  only  slightr* 
corrections  and  expansions  his  treatise  may  serve  as  a  text-book  to-day— 
In  some  respects,  indeed,  his  volume  was  long  in  advance  of  its  time— 
Only,  for  example,  within  the  present  generation  has  the  truth  of  hie^ 
teaching  in  regard  to  the  origin  of  valleys  been  generally  admitted. 

Various  causes  contributed  to  retard  the  progress  of  the  Huttonian- 
doctrines.  Especially  potent  was  the  influence  of  the  teaching  of  Wer- 
ner, who,  though  he  perceived  that  a  definite  order  of  sequence  could 
be  recognized  among  the  materials  of  the  earth's  crust,  had  formed 
singularly  narrow  conceptions  of  the  great  processes  whereby  that 
crust  has  been  built  up.  His  enthusiam,  however,  fired  his  disciples 
with  the  zeal  of  proselytes,  and  they  spread  themselves  over  Europe  to 
preach  every  where  the  artificial  system  which  they  had  learned  in  Sax- 
ohy.  By  a  curiousfate  Edinburgh  became  one  of  the  great  headquarters 
of  Wernerism.  The  friends  and  followers  of  Hutton  found  themselves 
attacked  in  their  own  city  by  zealots,  who  proud  of  superior  minera* 
logical  acquirements,  turned  their  most  cherished  ideas  upside  down 
and  assailed  them  in  the  uncouth  jargon  of  Freiberg.  Inasmuch  as 
subterranean  heat  had  been  invoked  by  Hutton  as  a  force  largely  in- 
strumental in  consolidating  and  upheaving  the  ancient  sediments  that 
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genius,  but  with  little  recognition  from  the  world  at  large.  Men  knev 
not  then  that  a  great  master  had  passed  away  from  their  midst,  wtft< 
had  laid  broad  and  deep  the  foundations  of  a  new  science;  that  bi^ 
name  would  become  a  household  word  in  after  generations,  and  t1ia» 
pilgrims  would  come  from  distant  lauds  to  visit  the  scenes  from  whicl 
he  drew  his  inspiration. 

Many  years  might  have  elapsed  before  Button's  teaching  met  witl 
wide  acceptance,  had  its  recognition  depended  solely  on  tbe  writings  o 
the  philosopher  himself.  For,  despite  his  firm  grasp  of  general  prin 
ciples  and  his  mastery  of  the  minutest  details,  he  had  acquired  a  liter 
ary  style  which,  it  must  be  admitted,  was  singularly  unattractive 
Fortunately  for  his  fame,  as  well  as  for  the  cause  of  science,  his  devote* 
friend  and  disciple,  Playfair,  at  once  set  himself  to  draw  up  an  exposi 
tion  of  Mutton's  views.  After  five  years  of  labor  on  this  task  ther* 
appeared  the  classic  "  Illustrations  of  the  Huttonian  Theory,"  a  worl 
which  for  luminous  treatment  and  graceful  diction  stands  still  withou 
a  rival  in  English  geological  literature.  Though  professing  merely  U 
set  forth  his  friend's  doctrines,  Playfair's  treatise  was  in  many  respects 
an  original  contribution  to  science  of  the  highest  value.  It  placed  foi 
the  first  time  in  the  clearest  light  the  whole  philosophy  of  Button  regard 
ing  the  history  of  the  earth,  and  enforced  it  with  a  wealth  of  reasoning 
and  copiousness  of  illustration  which  obtained  for  it  a  wide  apprecia 
ation.  From  long  converse  with  Button,  and  from  profound  reflectioi 
himself,  Playfair  gained  such  a  comprehension  of  the  whole  subject 
that  discarding  the  non-essential  parts  of  his  master's  teaching,  he  wa^ 
able  U)  give  so  lucid  and  accurate  an  exposition  of  the  general  8chem< 
of  Nature's  operations  on  the  surface  of  the  globe,  that  with  only  sligh 
corrections  and  expansions  his  treatise  may  serve  as  a  text-book  to-day 
In  some  respects,  indeed,  his  volume  was  long  in  advance  of  its  time 
Only,  for  example,  within  the  present  generation  has  the  truth  of  hii 
teaching  in  regard  t-o  the  origin  of  valleys  been  generally  admitted. 

Various  causes  contributed  to  retard  the  progress  of  the  Buttoniai 
doctrines.  Especially  potent  was  the  infiuence  of  the  teaching  of  Wer 
ner,  who,  though  he  perceived  that  a  definite  order  of  sequence  coulc 
be  recognized  among  the  materials  of  the  earth's  crust,  had  formec 
singularly  narrow  conceptions  of  the  great  processes  whereby  tha 
crust  has  been  built  up.  Bis  enthusiam,  however,  fired  his  disciple: 
with  the  zeal  of  proselytes,  and  they  spread  themselves  over  Europe  t( 
preach  every  where  the  artificial  system  which  they  had  learned  in  Sax 
ohy.  By  a  curious  fate  Edinburgh  became  one  of  the  great  headquarteri 
of  Weriierism.  The  friends  and  followers  of  Button  found  themselves 
attacked  in  their  own  city  by  zealots,  who  proud  of  superior  minera 
logical  acquirements,  turned  their  most  cherished  ideas  upside  dowi 
and  assailed  them  in  the  uncouth  jargon  of  Freiberg.  Inasmuch  af 
subterranean  heat  had  been  invoked  by  Button  as  a  force  largely  in 
strumental  in  consolidating  and  upheaving  the  ancient  sediments  tha( 
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nowfunit  8w  grunt  a  part  oftlic  dry  Ijiiid,  liis  followers -vure  iiii^knained 
Pltihinittta.  On  the  other  hniid.  ii3  tlie  agency  of  wato.r  was  almost 
aldiiu  admitted  by  Werner,  wlio  believed  tbe  rocks  of  the  eartli's  cniBt 
to  liave  be«u  chiefly  chemical  precipitates  from  a  pruueval  universal 
ocetm,  those  who  a<lopted  his  views  received  the  ei|ually  descriptive 
iiauieof  Neptuiiists.  The  battle  of  these  two  conteudintj  schools  rage<l 
fiercely  here  for  some  years,  and  though  tuaiuly  from  the  youth,  zeal, 
and  energy  of  Jameson,  and  the  influence  which  hi»  position  as  ]>r<t- 
feswir  in  the  university  Rave  him,  the  Wernerian  doctrincH  continued 
to  liaM  their  place  they  were  eventually  abandoned  even  by  .lamexon 
himself,  and  the  debt  due  to  the  memory  of  Uuttou  and  Playfair  wat^ 
tanlily  ackuowledt^ed. 

Till?  pursuits  and  the  quarrels  of  philosphcrs  have  from  early  times 
beeo  a  Tavorite  subject  of  merritneHt  to  the  outside  world.  Such  a  feud 
as  that  between  the  PIutoniKts  and  Neptnnists  would  be  sure  to  furnish 
abaodaiit  matter  for  the  gratification  of  this  propensity.  Turning  over 
tie  pages  of  Kay's  "Portraits,"  where  so  much  that  was  distinctive  of 
Eduburgh  society  a  hundred  years  ago  is  embalmed,  we  find  HuttKUi'a 
]x^80Dal  peculiarities  and  pursuits  touched  ott'  in  good-liumored  carica 
tiir^.  Ill  one  plate  he  stands  with  arms  folded  and  hammer  in  hand, 
meditating  on  the  face  of  a  clifl',  from  whi<;h  rocky  prontiueuees  in 
ahapeof  human  faces,  perhaps  grotesque  likenesses  of  his  scientific 
ogipoueots,  grin  at  him.  In  another  engraving  he  sits  in  conclave  with 
liix  friend  Blattk,  possibly  arranging  for  that  famous  banquet  of  garden 
Huails  which  the  two  worthies  had  i)ersuaded  themselves  to  look  upon 
as  a  stiaugely  neglected  form  of  human  food.  More  than  a  generation 
later,  when  the  Huttonisth  and  Wernerists  were  at  the  height  of  their 
Hiitagouism,  the  humorous  side  of  the  controversy  did  not  escaiie  the 
notice  of  the  author  of  "  Waverley,"  who,  you  will  remember,  when  he 
■oakes  Meg  Dods  recount  the  various  kinds  ofwisefiilk  brought  by 
l«dy  Penelope  Peimfeather  from  Hdiuburgh  to  St.  Uonan's  Well,  does 
nnt  forget  to  include  those  who  "rin  uphill  and  down  dale,  knapping 
the  ciiucky-stanes  to  pieces  wi'  hammers  {like  sae  mony  road-makers 
niL  daft),  to  see  how  the  warld  was  made." 

Among  the  names  of  the  friends  and  followers  of  Button  there  is  one 
^bii'h  on  this  wcasion  deserves  to  be  held  in  especial  honor,  that  of 
^ir  James  Hall,  of  Dungluss.     Having  accompanied  Hutton  in  tsome 
of  Ills  excursions,  and  having  discussed  with  him  the  pmliUiM^  pro- 
wnied  by  the  rocks  of  Scotland,  Hall  was  familiar  with  iln-  viiws  o1 
''■N  master,  and  was  able  to  supply  him  with  fresh  illustrali'>n>  nf  tlieti 
from  dift'erent  parts  of  the  country.    Gifted  with  remarkahli'  uritiiimlit: 
^'><1  ingenuity,  he  soon  perceived  that  some  of  the  questions  iuyplyi'' 
ill  the  theory  of  tbe  earth  could  probably  be  solved  by  diff* 
^X)>eriment.     Hutton  however  mistrustetl  any  attempt 
Vut  great  operations  of  nature  by  merely  kindling  a  fin 
into  the  bottom  of  a  little  crucible."    Out  of  detierenoe  \ 
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genius,  but  with  little  recognition  from  the  world  at  large.  Men  knew 
not  then  that  a  great  master  had  passed  away  from  their  midst,  who 
had  laid  broad  and  deep  the  founcLations  of  a  new  science;  that  his 
name  would  become  a  household  word  in  after  generations,  and  that 
pilgrims  would  come  from  distant  lands  to  visit  the  scenes  from  whicb 
he  drew  his  inspiration. 

Many  years  might  have  elapsed  before  Button's  teacliing  met  witti 
wide  acceptance,  had  its  recognition  depended  solely  on  the  writings  of 
the  philosopher  himself    For,  desi)ite  his  firm  grasp  of  general  prii *  • 
ciples  and  his  mastery  of  the  minutest  det.ails,  he  had  acquired  a  litef- 
ary  style  which,  it  must  be  admitted,  was  singularly  unattractive*- 
Fortunately  for  his  fame,  as  well  as  for  the  cause  of  science,  his  devote^^ 
friend  and  disciple,  Playfair,  at  once  set  himself  to  draw  up  an  expoj^i' 
tion  of  Huttou's  views.    After  five  years  of  labor  on  this  task  ther^ 
appeared  the  classic  "  Illustrations  of  tlie  Huttonian  Theory,"  a  wor 
which  for  luminous  treatment  and  graceful  diction  stands  still  without 
a  rival  in  English  geological  literature.    Though  professing  merely 
set  forth  his  friend's  doctrines,  Playfair's  treatise  was  in  many  respects 
an  original  contribution  to  science  of  the  highest  value.    It  placed  fo:^ 
the  first  time  in  the  clearest  light  the  whole  philosophy  of  Hutton  regard 
ing  the  history  of  the  earth,  and  enforced  it  with  a  wealth  of  reasonin 
and  copiousness  of  illustration  which  obtained  for  it  a  wide  apprecia 
ation.    From  long  converse  with  Hutton,  and  from  profound  reflectioi 
himself,  Playfair  gained  such  a  comprehension  of  the  whole  subject 
that  discarding  the  non-essential  parts  of  his  master's  teaching,  he  wa 
able  to  give  so  lucid  and  accurate  an  exposition  of  the  general  schem^^ 
of  Nature's  operations  on  the  surface  of  the  globe,  that  with  only  slight^:' 
corrections  and  expansions  his  treatise  may  serve  as  a  text-book  to-day.^ 
In  some  respects,  indeed,  his  volume  was  long  in  advance  of  its  timei.i- 
Only,  for  examx)le,  within  the  present  generation  has  the  truth  of  hi»- 
teaching  in  regard  to  the  origin  of  valleys  been  generally  admitted. 

Various  causes  contributed  to  retard  the  progress  of  the  Huttoniaik. 
doctrines.  Especially  potent  was  the  influence  of  the  teaching  of  Wer- 
ner, who,  though  he  perceived  that  a  definite  order  of  sequence  could 
be  recognized  among  the  materials  of  the  earth's  crust,  had  formed 
singularly  narrow  conceptions  of  the  great  processes  whereby  that 
crust  has  been  built  up.  His  enthusiam,  however,  fired  his  disciples 
with  the  zeal  of  proselytes,  and  they  spread  themselves  over  Europe  to 
preach  every  where  the  artificial  system  which  they  had  learned  in  Sax- 
otiy.  By  a  curiousfate  p]dinburgh  became  one  of  the  great  headquarters 
of  Wernerism.  The  friends  and  followers  of  Hutton  found  themselves 
attacked  in  their  own  city  by  zealots,  who  proud  of  superior  ininera- 
logical  acquirements,  turned  their  most  cherished  ideas  upside  down 
and  assailed  them  in  the  uncouth  jargon  of  Freiberg.  Inasmuch  as 
subterranean  heat  had  been  invoked  by  Hutton  as  a  force  largely  in^ 
strumental  in  consolidating  and  upheaving  the  ancient  sediments  that' 


GEOLOGICAL   CHANGE,  AND  TIME.  115 

noirform  hu  grvut  a  part  ut'the  dryland,  his  followers 'vere  iii<:kiiamed 
PIubinJRto.  On  the  other  liiHid,  as  the  agency  of  wat«r  was  almost 
alone  wlmitted  by  Weriior,  who  beUeved  the  rocks  of  the  earth's  crnst 
til  liave  been  chiefly  chemical  precipitates  fn>nt  a  primeval  universtit 
ocesiD,  those  who  »lopted  his  views  received  the  equally  descriptive 
name  of  Neptunists.  The  battle  of  these  two  contending  schools  raged 
fiercely  here  tor  some  years,  and  thongh  mainly  from  the  yontb,  zeal, 
aiitl  energy  of  Jameson,  und  the  influence  which  his  position  as  pro- 
ressMf  in  the  university  j;ave  him,  the  Wernertan  doctrines  continued 
to  hold  their  place  they  were  eventually  abandoned  even  by  Jameson 
himself,  aiid  the  debt  due  to  the  memory  of  Mutton  and  I'layfair  was 
tardily  acknowledged. 

The  pursuits  aud  the  quarrels  of  philoHjihers  have  trom  early  times 
be«n  a  favorite  subject  of  merrimeut  to  the  outside  world.  Such  a  feud 
a»  that  between  the  PhitODiKts  aud  Neptunists  would  be  sure  to  furnish 
abaodant  matt«rtbr  the  gratification  of  this  proiiennity.  Turning  over 
the  jmges  of  Kay's  "Portraits,"  where  so  much  that  was  distinctive  of 
[fdinburgh  society  a  hundred  years  ago  is  embalmed,  we  tind  Ilutton's 
twsonal  peculiarities  and  pursuits  touched  off  in  good-humored  carica- 
ture. In  one  plate  he  stands  with  arms  folded  and  hammer  iu  band, 
iiiedihtting  OH  the  face  of  a  cliff,  from  which  rocky  proiuiueuces  in 
shape  of  human  faces,  i»erhaps  grotesque  likenesses  of  his  ^ieutitic 
opponents,  grin  at  him.  In  another  engraving  he  sits  in  conclave  with 
liis  friend  BIa<;k,  posHibly  arranging  for  that  famous  banquet  of  garden 
suails  which  the  two  worthies  had  i)ersuaded  themselves  to  look  upon 
^  a  strangely  neglected  form  of  human  food.  More  than  a  generation 
later,  when  the  Huttonistt.  and  Wenierists  were  at  the  height  of  their 
antagonism,  the  humorous  side  of  the  controversy  did  not  escape  the 
notice  of  the  author  of  "  Waverley,"  who,  you  will  remember,  when  he 
nates  Meg  Dods  recount  the  various  kinds  of  wise  folk  brought  by 
I^y  Penelope  Peuufeather  from  Edinburgh  to  St.  Konan's  Well,  does 
Dot  forget  to  include  those  who  "rin  uphill  and  down  dale,  knapping 
the  chucky-stanes  to  pieces  wi'  haminers  (like  sae  mony  road-makers 
"IU  daft),  to  see  how  the  warld  was  made." 

Among  the  names  of  the  friends  and  followers  of  Hutton  there  is  one 
vhich  on  this  occasion  deserves  to  be  held  iu  especial  honor,  that  of 
"ir  James  Hall,  of  Duuglass.     Having  accompanied  Huttou  in  some 
if  his  excursions,  and  having  discussed  with  him  the  problems  pv 
"filed  by  the  rocks  of  Scotland,  Hall  whs  familiar  with  the  views  of 
''^  ni)i8t«r,  and  was  able  to  supply  him  with  fresh  illustrations  of  tlic 
if'm  different  parts  of  the  country.    Gifted  witli  remarkable  origins' 
and  ingenuity,  he  soon  perceived  that  some  of  the  questions  invo 
'"  the  theory  of  the  earth  could  probably  be  solved  by  direct  phyi 
'^iwriment.    Hutton  however  mistrustetl  any  attempt  "to  Judge 
^''*'  great  operations  of  nature  by  merely  kindling  a  Are  and  lookin 
•"to  the  bottom  of  a  little  crucible."    Out  of  deference  to  Ihis  v'^e.ivv- 
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genius,  but  with  little  recognition  from  the  world  at  large.  Menknev 
not  then  that  a  great  master  had  pa8sed  away  from  their  midst,  vlic 
had  laid  broad  and  deej)  the  foundations  of  a  new  science;  that  liii 
name  would  become  a  household  word  in  after  generations,  and  tba 
pilgrims  would  come  from  distant  lands  to  visit  the  scenes  from  whic 
he  drew  his  inspiration. 

Many  years  might  have  elapsed  before  Hutton's  teaching  met  wit 
wide  acceptance,  had  its  recognition  depended  solely  on  the  writings 
the  philosopher  himself.  For,  despite  his  lirm  gra^p  of  general  pri 
ciples  and  his  mastery  of  the  minutest  details,  he  had  acquired  a  1it< 
ary  style  which,  it  must  bo  admitted,  was  singularly  unattracti^ 
Fortunately  for  his  fame,  as  well  as  for  the  cause  of  science,  his  devot 
friend  and  disciple,  Playfair,  at  once  set  himself  to  draw  up  an  expo 
tion  of  Hutton's  views.  After  five  years  of  labor  on  this  task  th< 
appeared  the  classic  "  Illustrations  of  the  Huttonian  Theory,"  a  w( 
which  for  luminous  treatment  and  graceful  diction  stands  still  with( 
a  rival  in  English  geological  literature.  Though  professing  merely 
set  forth  his  friend's  doctrines,  Playfair's  treatise  was  in  many  respe 
an  original  contribution  to  science  of  the  highest  value.  It  placed 
the  first  time  in  the  clearest  light  the  whole  philosophy  of  Hutton  rega 
ing  the  history  of  the  earth,  Jind  enforced  it  with  a  wealth  of  reason! 
and  copiousness  of  illustration  which  obtained  for  it  a  wide  apprec 
atiou.  From  long  converse  with  Mutton,  and  from  profound  reflect 
himself,  Playfair  gained  such  a  comprehension  of  the  whole  subjc 
that  discarding  the  non  essential  parts  of  his  master's  teaching,  hev 
able  to  give  so  lucid  and  accurate  an  exposition  of  the  general  sche 
of  Nature's  operations  on  the  surface  of  the  globe,  that  with  only  sU| 
corrections  and  expansions  his  treatise  may  serve  as  a  text-book  to-di 
In  some  respects,  indeed,  his  volume  was  long  in  advance  of  its  tii 
Only,  for  example,  within  the  present  generation  has  the  truth  of 
teaching  in  regard  to  the  origin  of  valleys  been  generally  admitted. 

Various  causes  contributed  to  retard  the  progress  of  the  Huttoni 
doctrines.  Especially  potent  was  the  influence  of  the  teaching  of  W 
ner,  who,  though  he  perceived  that  a  definite  order  of  sequence  coi 
be  recognized  among  the  materials  of  the  earth's  crust,  had  form 
singularly  narrow  conceptions  of  the  great  processes  whereby  tl 
crust  has  been  built  up.  His  enthusiam,  however,  fired  his  discipl 
with  the  zeal  of  proselytes,  and  they  spread  themselves  over  Europe 
preach  every  where  the  artificial  system  which  they  had  learned  in  S« 
ohy.  By  a  curiousfate  Edinburgh  became  one  of  the  great  headquart< 
of  Wernerism.  The  friends  and  followers  of  Hutton  found  themselv 
attacked  in  their  own  city  by  zealots,  who  proud  of  superior  miiiei 
logical  acquirements,  turned  their  most  cherished  ideas  upside  dov 
and  assailed  them  in  the  uncouth  jargon  of  Freiberg.  Inasmuch 
subterranean  heat  had  been  invoked  by  Hutton  as  a  force  largely  i 
strumental  in  consolidating  and  upheaving  the  ancient  sediments  tli 
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now  form  so  great  a  part  of  the  dry  laud,  his  followers  Tvere  nii^knamed 
Plntonists.  On  the  other  hand,  as  the  agency  of  water  was  almost 
alone  admitted  by  Werner,  who  believed  the  rocks  of  the  earth's  crust 
to  have  been  chiefly  chemical  precipitates  from  a  primeval  universal 
oceim,  those  who  adopted  his  views  received  the  equally  descriptive 
name  of  Neptunists.  The  battle  of  these  two  contending  schools  raged 
fiercely  here  for  some  years,  and  though  mainly  from  the  youth,  zeal, 
and  energy  of  Jameson,  and  the  influence  which  his  position  as  pro- 
fessor in  the  university  gave  him,  the  Wernerian  doctrines  continued 
to  hold  their  plac«  they  were  eventually  abandoned  even  by  tJamesou 
himself,  and  the  debt  due  to  the  memory  of  Hutton  and  Playfair  was 
tardily  acknowledged. 

The  pursuits  and  the  quarrels  of  philosphers  have  from  early  times 
been  a  favorite  subject  of  merriment  to  the  outside  world.  Such  a  feud 
as  that  between  the  Plntonists  and  Neptunists  would  be  sure  to  furnish 
abundant  matter  for  the  gratification  of  this  propensity.  Turning  over 
the  pages  of  Kay's  "  Portraits,"  where  so  much  that  was  distinctive  of 
Edinburgh  society  a  hundred  years  ago  is  embalmed,  we  find  Button's 
IHjrsonal  peculiarities  and  pursuits  touched  off  in  good-humored  carica< 
ture.  In  one  plate  he  stands  with  arms  folded  and  hammer  in  hand, 
meditating  on  the  face  of  a  cliff,  from  which  rocky  prominences  in 
shape  of  human  faces,  perhaps  grotesque  likenesses  of  his  scientific 
opponents,  grin  at  him.  In  another  engraving  he  sits  in  conclave  with 
his  friend  Black,  possibly  arranging  for  that  famous  banquet  of  garden 
snails  which  the  two  worthies  had  persuaded  themselves  to  look  upon 
^  a  strangely  neglected  form  of  human  food.  More  than  a  generation 
later,  when  the  Huttonists  and  Wernerists  were  at  the  height  of  their 
antagonism,  the  humorous  side  of  the  controversy  did  not  escape  the 
notice  of  the  author  of  "  Waverley,"  who,  you  will  remember,  when  he 
makes  Meg  Dods  recount  the  various  kinds  of  wise  folk  brought  by 
Lady  Penelope  Pennfeather  from  Edinburgh  to  St.  Ronan's  Well,  does 
not  forget  to  include  those  who '^rin  uphill  and  down  dale,  knapping 
^he  chucky-stanes  to  pieces  wi'  hammers  (like  sae  mony  road-makers 
^nn  daft),  to  see  how  the  warld  was  made." 

Among  the  names  of  the  friends  and  followers  of  Hutton  there  is  one 
^bich  on  this  oi*.casion  deserves  to  be  held  in  especial  honor,  that  of 
^ir  James  Hall,  of  Dunglass.  Having  accompanied  Hutton  in  some 
^^  his  excursions,  and  having  discussed  with  him  the  problems  pre- 
^nted  by  the  rocks  of  Scotland,  Hall  was  familiar  with  the  views  of 
"is  master,  and  was  able  to  supply  him  with  fresh  illustrations  of  them 
"■^^ni  dift'erent  parts  of  the  country.  Gifted  with  remarkable  originality 
and  ingenuity,  he  soon  perceived  that  some  of  the  questions  involved 
"*  the  theory  of  the  earth  could  probably  be  solved  by  direct  physical 
experiment.  Hutton  however  mistrusted  any  attempt  "to  judge  of 
f"^  great  operations  of  nature  by  merely  kindling  a  fire  and  looking 
^to  the  bottom  of  a  little  crucible."    Out  of  deference  to  this  preju- 
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dice  Hall  delayed  to  carry  out  his  intention  during  Button's  lifeUm^^ 
But  afterwards  he  instituted  a  remarkable  series  of  researches  vhi(r J 
are  memorable  in  the  history  of  science  as  the  first  methodical  endeavoi 
to  te«t  the  value  of  geological  speculation  by  an  appeal  to  actual  ex- 
periment. The  Neptunists,  in  ridiculing  the  Huttonian  doctrine  that 
basalt  and  similar  rocks  had  once  been  molten,  asserted  that,  had  sncb 
been  their  origin,  these  masses  would  now  be  found  in  the  condition  of 
glass  or  slag.  HaU  h6wever  triumphantly  vindicated  his  friend's  vie^ 
by  proving  that  basalt  could  be  fused,  and  thereafter  by  slow  cooliug 
could  be  made  to  resume  a  stony  texture.  Again,  Button  had  asserted 
that  under  the  vast  pressures  which  must  be  effective  deep  within  the 
earth's  crust,  chemical  reactions  must  be  powerfully  influenced,  and 
that  under  such  conditions  even  limestone  may  conceivably  be  melted 
without  losing  its  carbonic  acid.  Various  specious  arguments  had 
been  adduced  agiunst  this  proposition,  but  by  an  ingeniously  devised 
series  of  experiments  Ball  succeeded  in  converting  limestone  under 
great  pressure  into  a  kind  of  marble,  and  even  fused  it,  and  found  that 
it  then  acted  vigorously  on  other  rocks.  These  admirable  researches, 
which  laid  the  foundations  of  experimental  geology,  constitute  not  the 
least  memorable  of  the  services  rendered  by  the  Buttonian  school  to 
the  progress  of  science. 

Clear  as  was  the  insight  and  sagacious  the  inferences  of  these  great 
masters  in  regard  to  the  history  of  the  globe,  their  vision  was  neces- 
sarily limited  by  the  comparatively  narrow  range  of  ascertained  fact 
which  up  to  their  time  had  been  established.  They  taught  men  to 
recognize  that  the  present  world  is  built  of  the  niins  of  an  earlier  one, 
and  they  explained  with  admirable  perspicacity  the  operation  of  the 
processes  whereby  the  degradation  and  renovation  of  land  are  brought 
about.  But  they  never  dreamed  that  a  long  and  orderly  series  of  such 
successive  destructions  and  renewals  had  taken  place  and  had  left 
their  records  in  the  crust  of  the  earth.  They  never  imagined  that  from 
these  records  it  would  be  possible  to  establish  a  determinate  chro- 
nology that  could  be  read  everywhere  and  applied  to  the  elucidation 
of  the  remotest  quarter  of  the  globe.  It  was  by  the  memorable  obser- 
vations and  generalizations  of  William  Smith  that  this  vast  extension 
of  our  knowledge  of  the  past  history  of  the  earth  became  possible. 
While  the  Scottish  philosophers  were  building  up  their  theory  here. 
Smith  was  quietly  ascertaining  by  extended  journeys  that  the  stratified 
rocks  of  the  west  of  England  occur  in  a  definite  sequence,  and  that 
each  well-marked  group  of  them  can  be  discriminated  from  the  others 
and  identified  across  the  country  by  means  of  its  inclosed  organic 
remains.  It  is  nearly  a  hundred  years  since  he  made  known  his  views, 
so  that  by  a  curious  coinciden(!e  we  may  fitly  celebrate  on  this  occasion 
the  centenary  of  William  Smith  as  ^vell  as  that  of  James  Button.  No 
single  discovery  has  ever  had  a  more  momentous  and  far  reaching  in 
fluence  on  the  progress  of  a  science  than  that  law  of  organic  succession 
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'Which  Smith  established.    At  first  it  served  merely  to  determine  the 
order  of  the  stratified  rocks  of  England.    But  it  soon  proved  to  possess 
a  world-wide  value,  for  it  was  found  to  furnish  the  key  to  the  struc- 
tare  of  the  whole  stratified  crust  of  the  earth.    It  showed  that  within 
that  crust  lie  the  chronicles  of  a  long  history  of  plant  and  animal  life 
upon  this  planet,  it  supplied  the  means  of  arranging  the  materials  for 
this  history  in  true  chronological  sequence,  and  it  thus  opened  out  a 
raagiiiflcent  vista  through  a  vast  series  of  ages,  each  marked  by  its 
own  distinctive  types  of  organic  life,  which,  in  proportion  to  their  an- 
tiquity, departed  more  and  moreftora  the  aspect  of  the  living  world. 

Thus  a  hundred  years  ago,  by  the  brilliant  theory  of  Hutton  and  the 
fruitftil  generalization  of  Smith,  the  study  of  the  earth  received  in  our 
country  the  impetus  which  has  given  birth  to  the  modern  science  of 
geoloory. 

To  review  the  marvellous  progress  which  this  science  has  made  dur- 
ing the  first  century  of  its  existence  would  require  not  one,  but  many, 
hours  for  adequate  treatment.  The  marcli  of  discovery  has  advanced 
along  a  multitude  of  different  paths,  and  the  domains  of  nature  which 
have  been  included  within  the  growing  territories  of  human  knowledge 
have  been  many  and  ample.  Nevertheless,  there  are  certain  depart- 
ments of  investigation  to  which  we  may  profitably  restrict  our  atten- 
tion on  the  present  occasion,  and  wherein  we  may  see  how  the  leading 
principles  that  were  proclaimed  in  this  city  a  hundred  years  ago  have 
germinated  and  borne  fruit  all  over  the  world. 

From  the  earliest  times  the  natural  features  of  the  earth's  surface 
have  arrested  the  attention  of  mankind.  The  rugged  mountain,  the 
deft  ravine,  the  scarped  cliflf,  the  solitary  bowlder,  have  stimulated 
cnriosity  and  prompted  many  a  speculation  as  to  their  origin.  The 
shells  embedded  by  millions  in  the  solid  rocks  of  hills  far  removed  from 
the  seas  have  still  further  pressed  home  these  "obstinate  questionings." 
fiut  for  many  long  centuries  the  advance  of  inquiry  into  such  matters 
vas  arrested  by  the  paramount  influence  of  orthodox  theology.  It  was 
Dot  merely  that  the  church  opposed  itself  to  the  simple  Jind  obvious  in- 
t<irpretation  of  these  natural  phenomena.  So  implicit  had  faith  become 
Jn  the  accepted  views  of  the  earth's  age  and  of  the  history  of  creation, 
that  even  laymen  of  intelligence  and  learning  set  themselves  unbidden 
^nd  in  perfect  good  faith  to  explain  away  the  difficulties  which  nature 
80  persistently  raised  up,  and  to  reconcile  her  teachings  with  those  of 
the  theologians.  In  the  various  theories  thus  originating,  the  amount 
^f  knowledge  of  natural  law  usually  stood  in  inverse  ratio  to  the  share 
played  in  them  by  an  uncontrolled  imagination.  The  speculations,  tor 
example,  of  Burnet,  Whiston,  Whitehurst,  and  others  in  this  country, 
**att  not  be  read  now  without  a  smile.  In  no  sense  were  they  scientific 
l^earches;  they  can  only  be  looked  upon  as  exercitations  of  learned 
^Kiiorunec.  Springing  mainly  out  of  a  laudable  desire  to  promote  what 
^as  beUeved  to  be  the  cause  of  true  religion,  they  helped  to  t^\»x^ 
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inquiry,  and  exercised  in  that  respect  a  baneful  influence  on  intellectual 
progress. 

It  is  the  special  glory  of  the  Edinburgh  school  of  geology  to  have 
cast  aside  all  this  fanciful  trilling.     Hutton  boldly  proclaimed  that  it 
was  no  part  of  his  philosophy  to  account  for  the  beginning  of  things. 
His  concern  lay  only  with  the  evidence  furnished  by  the  earth  itself  as 
to  its  origin.    With  the  intuition  of  true  genius  he  early  perceived  that 
the  only  solid  basis  from  which  to  explore  what  ha^s  taken  place  in 
bygone  time  is  a  knowledge  of  what  is  taking  place  to-day.    He  thus 
founded  his  system  upon  a  careful  study  of  the  processes  whereby  geo- 
logical changes  are  now  brought  about.    He  felt  assured  that  Nature 
must  be  consistent  and  uniform  in  her  working,  and  that  only  in  pro- 
portion as  her  operations  at  the  present  time  are  watched  and  under- 
stood will  the  ancient  history  of  the  earth  become  intelligible.    Thus, 
in  his  hands,  the  investigation  of  the  Present  became  the  key  to  the 
interpretation  of  the  Past.    The  establishment  of  this  great  truth  was 
the  first  step  towards  the  inauguration  of  a  true  science  of  the  earth. 
The  doctrine  of  the  uniformity  of  causation  in  Nature  became  the 
fruitful  principle  on  which  the  structure  of  modern  geology  could  be 
built  up.  ^ 

Fresh  life  was  now  breathed  into  the  study  of  the  eiirth,  A  new 
spirit  seemed  to  animate  the  advance  along  every  pathway  of  inquiry. 
Facts  that  had  long  been  familiar  came  to  possess  a  wider  and  deeper 
meaning  when  their  connection  with  each  other  was  recognized  as  parts 
of  one  great  harmonious  system  of  continuous  change.  In  no  depart- 
ment of  Nature,  for  example,  was  this  broader  vision  more  remarkably 
displayed  than  in  that  wherein  the  circulation  of  water  between  land 
and  sea  plays  the  most  conspicuous  part.  From  the  earliest  times  men 
had  watched  the  coming  of  clouds,  the  fall  of  rain,  the  flow  of  rivers* 
and  had  recognized  that  on  this  nicely  adjusted  machinery  the  beauty 
and  fertility  of  the  land  depend.  But  they  now  learned  that  this 
beauty  and  fertility  involve  a  continual  decay  of  the  terrestrial  surface ; 
that  the  soil  is  a  measure  of  this  decay,  and  would  cease  to  attbrd  iis 
maintenance  were  it  not  continually  removed  and  renewed;  that 
through  the  ceaseless  transport  of  soil  by  rivers  to  the  sea  the  face  of 
the  land  is  slowly  lowered  in  level  and  carved  into  mountain  and  valley -» 
and  that  the  materials  thus  borne  outwards  to  the  floor  of  the  oceau 
are  not  lost,  but  accumulate  there  to  form  rocks,  which  in  the  end  wil^ 
be  upraised  into  new  lands.  Decay  and  renovation,  in  wellbalanced 
proportions,  were  thus  shown  to  be  the  system  on  which  the  existeuc*? 
of  the  earth  as  a  habitable  globe  had  been  established.  It  was  iuipo^' 
sible  to  conceive  that  the  economy  of  the  planet  could  be  maintaiue** 
on  any  other  basis.  Without  the  circulation  of  water  the  life  of  plaut^ 
and  animals  would  be  impossible,  and  with  that  circulation  the  deca  > 
of  the  surface  of  the  land  and  the  renovation  of  its  disintegrated  mat^' 
rials  are  necessarily  involved. 
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As  it  is  now,  ao  must  it  have  beeu  in  past  time.  Button  and  Play- 
fair  pointed  to  the  stratified  rocks  of  the  eartli's  crust  as  demonstra- 
tions that  the  same  processes  which  are  at  work  to-day  have  been  in 
operation  from  a  remote  antiquity.  By  thus  x>lacing  their  theory  on  a 
basis  of  actual  observation,  aud  providing  iu  the  study  of  existing 
operations  a  guide  to  the  interpretation  of  those  in  past  times,  they 
rescued  the  investigation  of  the  history  of  the  esirth  from  the  specula- 
tious  of  theologians  and  cosmologists,  and  established  a  place  for  it 
among  the  recognized  inductive  sciences.  To  the  guiding  influence  of 
their  philosox>hical  system  the  prodigious  strides  made  by  modem 
geology  are  in  large  measure  to  be  attributed.  And  here  in  their  own 
city,  after  the  lapse  of  a  hundred  years,  let  us  ofier  to  their  memory 
the  giateful  homage  of  all  who  have  profited  by  their  labors. 

But  while  we  recognize  with  admiration  the  far-reaching  influence  of 
the  doctrine  of  uniformity  of  causation  in  the  investigation  of  the  his- 
tory of  the  earth,  we  must  upon  reflection  admit  that  the  doctrine  has 
been  pushed  to  an  extreme  perhaps  not  contemplated  by  its  original 
founders.  To  take  the  existing  conditions  of  Nature  as  a  platform  of 
actual  knowledge  from  which  to  start  in,  an  inquiry  into  former  condi- 
tions was  logical  and  prudent.  Obviously,  however,  human  experience, 
in  the  few  centuries  during  which  attention  has  been  turned  to  such 
subject*^,  has  been  too  brief  to  warrant  any  dogmatic  a^ssumption  that 
the  various  natural  processes  must  have  been  carried  on  in  the  past 
with  the  same  energy  and  at  the  same  rate  as  they  are  carried  on  now. 
Variations  in  energy  might  have  been  legitimately  conceded  as  possi- 
ble, though  not  to  be  allowed  without  reasonable  proof  in  their  favor. 
It  was  right  to  refuse  to  admit  the  operation  of  speculative  causes  of 
<hange  when  the  phenomena  were  capable  of  natural  and  adequate 
explanation  by  reference  to  causes  that  can  be  w^atched  and  investi- 
gated. But  it  was  an  error  to  take  for  granted  that  no  other  kind  of 
proitess  or  influence,  nor  any  variation  in  the  rate  of  activity  save  those 
«f  which  man  has  had  actual  cognizance,  has  played  a  part  in  the  ter- 
restrial economy.  The  uniformitarian  writers  laid  themselves  open  to 
^he  charge  of  maintaining  a  kind  of  perpetual  motion  in  the  machinery 
of  Kature.  They  could  find  in  the  records  of  the  eai'th's  history  no 
evidence  of  a  beginning,  no  prospect  of  an  end.  They  saw  that  many 
successive  renovations  and  destructions  had  been  effected  on  the 
earth's  surface,  and  that  this  long  line  of  vicissitudes  formed  a  series 
0^  which  the  earliest  were  lost  in  antiquity,  while  the  latest  were  still 
*"  progress  towards  an  apparently  illimitable  ftiture. 

The  discoveries  of  William  Smith,  had  they  been  adequately  under- 
^^>od,  would  have  been  seen  to  ofler  n  corrective  to  this  rigidly  uni- 
fonnitarian  conception,  for  they  revealed  that  the  crust  of  the  earth 
eontains  the  long  record  of  an  unmistakable  order  of  progression  in 
organic  types.  They  proved  that  plants  and  animals  have  varied 
^dely  in  Buccessive  periods  of  the  earth's  history;  the  present  con- 
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ditioii  of  organic  life  beiug  only  the  latest  phase  of  a  long  precedit: 
series,  each  stage  of  which  recedes  further  from  the  existing  aspect  < 
things  as  we  trace  it  backward  into  the  past.  And  though  no  reL 
had  yet  been  found,  or  indeed  was  ever  likely  to  be  found,  of  the  fir; 
living  things  that  appeared  upon  the  earth's  surface,  the  manifest  sic 
plification  of  t^'pes  in  the  older  formations  pointed  in-esistibly  to  son 
beginning  from  which  the  long  procession  has  taken  its  start.  If  the 
it  could  thus  be  demonstrated  that  there  had  been  uiK)n  the  globe  a 
orderly  march  of  living  forms  from  the  lowliest  grades  in  early  timi 
to  man  himself  to-day,  and  thus  that  in  one  department  of  her  domai: 
extending  through  the  gi-eater  portion  of  the  records  of  the  earth's  hi 
tory,  Nature  had  not  been  uniform,  but  had  followed  a  vast  and  nob 
plan  of  evolution,  surely  it  might  have  been  expected  that  those  wl 
discovered  and  made  known  this  plan  would  seek  to  ascertain  wheth* 
some  analogous  physical  progression  from  a  definite  beginning  migl 
not  be  discernible  in  the  framework  of  the  globe  itself. 

But  the  early  masters  of  the  science  labored  under  two  great  disa 
vantages.  In  the  first  place,  they  found  the  oldest  records  of  the  eartl 
history  so  broken  up  and  effaced  as  to  be  lio  longer  legible.  And 
the  second  place,  they  lived  under  the  spell  of  that  strong  reacti< 
against  speculation  which  followed  the  bitter  controversy  between  tl 
Neptunists  and  Plutonists  in  the  earlier  decades  of  the  century.  Th< 
considered  themselves  boundto  search  for  facts,  not  to  build  uptheorie 
and  as  in  the  crust  of  the  earth  they  could  find  no  facts  which  thre 
any  light  upon  the  primeval  constitution  and  subsequent  developmei 
of  our  planet,  they  shut  their  ears  to  any  theoretical  interpretatioi 
that  might  be  offered  from  other  departments  of  science.  It  w; 
enough  for  them  to  maintain,  as  Ilutton  had  done,  that  in  the  visib 
structure  of  the  earth  itself  no  trace  can  be  found  of  the  beginning 
things,  and  that  the  oldest  terrestrial  records  reveal  no  physical  co 
ditions  essentially  different  from  those  in  which  we  still  live.  Th< 
doubtless  listened  with  interest  to  the  speculations  of  Kant,  Laplac 
and  Herschel  on  the  probable  evolution  of  nebula,  suns,  and  planet 
but  it  was  with  the  languid  interest  attaching  to  ideas  that  lay  outsic 
of  their  own  domain  of  research.  They  recognized  no  practical  co 
nection  between  such  speculations  and  the  data  furnished  by  the  earl 
itself  as  to  its  own  history  and  progress. 

This  curious  lethargy  with  respect  to  theory  on  the  part  of  men  wl 
were  popularly  regarded  as  among  the  most  speculative  followers  < 
science  would  i)robably  not  have  been  speedily  dispelled  by  any  di 
covery  made  within  their  own  field  of  observation.  Even  now,  aft< 
many  years  of  the  most  diligent  research,  the  first  chapters  of  oi 
planet's  history  remain  undiscovered  or  undecipherable.  On  the  grea 
terrestrial  palimpsest  the  earliest  inscriptions  seem  to  have  been  liop 
lessly  effaced  by  those  of  later  ages.    But  the  question  of  the  pric 
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eval  condition  and  subseqaent  history  of  the  planet  niight  be  consid- 
ered from  the  side  of  astronomy  and  physics.  And  it  was  by  investi- 
gations of  this  natnre  that  the  geological  torpor  was  eventually  dissi- 
pated. To  our  illustrious  former  president,  Lord  Kelvin,  who  occupied 
this  chair  when  the  association  last  met  in  Edinburgh,  is  mainly  due 
tlie  rousing  of  attention  to  this  subject.  By  the  most  convincing  argu- 
incntfi  he  showed  how  impossible  it  was  to  believe  in  the  extreme  doc- 
trine of  uniformitarianism.  And  though,  owing  to  uncertainty  in  re- 
gard to  some  of  the  data,  wide  limits  of  time  were  postulated  by  him, 
he  insisted  that  within  these  limits  the  whole  evolution  of  the  earth 
and  its  inhabitants  must  have  been  comprised.  While  therefore  the 
geological  doctrine  that  the  present  order  of  Nature  must  be  our  guide 
to  the  interpretation  of  the  past  remained  as  true  and  fruitful  as  ever, 
it  had  now  to  be  widened  by  the  reception  of  evidence  furnished  by  a 
study  of  the  earth  as  a  planetary  body.  The  secular  loss  of  heat, 
which  demonstrably  takes  place  both  from  the  earth  and  the  sun,  made 
it  quite  certain  that  the  present  could  not  have  been  the  original  con- 
dition of  the  system.  This  diminution  of  temperature  with  all  its  con- 
sequences is  not  a  mere  matter  of  speculation,  but  a  physical  fact  of 
the  present  time  as  much  as  any  of  the  familiar  physical  agencies 
that  affect  the  surface  of  the  globe.  It  points  with  unmistakable  di- 
rectness to  that  beginning  of  things  of  which  Button  and  his  followers 
could  find  no  sign. 

Another  modification  or  enlargement  of  the  uniformitarian  doctrine 
was  brought  about  by  continued  investigation  of  the  terrestrial  crust  and 
consequent  increase  of  knowledge  respecting  the  history  of  the  earth. 
Though  Button  and  Playfair  believed  in  periodical  catastrophes,  and 
indeed  required  these  to  recur  in  order  to  renew  and  preserve  the  habit- 
able condition  of  our  planet,  their  successors  gradually  came  to  view 
^th  repugnance  any  appeal  to  abnormal,  and  especially  to  violent 
manifestations  of  terrestrial  vigor,  and  even  persuaded  themselves  that 
such  slow  and  comparatively  feeble  action  as  had  been  witnessed  by 
Dian  could  alone  be  recognized  in  the  evidence  from  which  geological 
history  must  be  compiled.  Well  do  I  remember  in  my  own  boyhood 
what  a  cardinal  article  of  faith  this  prepossession  had  become.  We 
^'cre  taught  by  our  great  and  honored  master,  Lyell,  to  believe  im- 
plicitly in  gentle  and  uniform  operations,  extended  over  indefinite 
Periods  of  time,  though  possibly  some,  with  the  zeal  of  partisans,  car- 
^^  this  belief  to  an  extreme  which  Lyell  himself  did  not  approve. 
^6  most  stupendous  marks  of  terrestrial  disturbance,  such  as  the 
structure  of  great  mountain  chains,  were  deemed  to  be  more  satlsfac- 
^^nly  accounted  for  by  slow  movements  prolonged  through  indefinite 
*Kes  than  by  any  sudden  convulsion.  • 

What  the  more  extreme  members  of  the  uniformitarian  school  failed 
^  perceive  was  the  absence  of  all  evidence  that  terrestrial  catastrophes 
^^'eu  on  a  colossal  scale  might  not  be  a  part  of  the  present  eeonomy  of 
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this  globe.  Such  occurrences  might  never  seriously  affect  the  whole 
earth  at  one  time,  and  might  return  at  such  wide  intervals  that  no  ex- 
ample of  them  has  yet  been  chronicled  by  man.  But  that  they  have 
occurred  again  and  again,  and  even  within  comparatively  recent  geologi- 
cal times,  hardly  admits  of  serious  doubt.  How  far  at  different  epochs 
and  in  various  degrees  they  may  have  included  the  operation  of  cosmi- 
cal  influences  lying  wholly  outside  the  planet,  and  how  far  they  have  re- 
sulted from  movements  within  the  body  of  the  planet  itself,  must  remain 
for  ftirther  inquiry.  Yet  the  admission  that  they  have  played  a  part  in 
geological  history  may  be  freely  made  without  impairing  the  real  value 
of  the  Huttonian  doctrine,  that  in  the  interpretation  of  this  history  our 
main  guide  must  be  a  knowledge  of  the  existing  processes  of  terrestrial 
change. 

As  the  most  recent  and  best  known  of  these  great  transformations,  the 
Ice  Age  stands  out  conspicuously  before  us.    If  any  one  sixty  years  ago 
had  ventured  to  affirm  that  at  no  very  distant  date  the  snows  and 
glaciers  of  the  Arctic  regions  stretched  southwards  into  Prance,  he 
would  have  been  treated  as  a  mere  visionary  theorist.    Many  of  the 
facts  to  which  ho  would  have  appealed  in  support  of  his  statement  were 
already  well  known,  but  they  had  received  various  other  interpretations. 
By  some  observers,  notably  by  Button's  friend,  Sir  James  Hall,  they 
were  believed  to  be  due  to  violent  debacles  of  water  that  swept  over  the 
face  of  the  land.    By  others  they  were  attributed  to  the  strong  tide^* 
and  currents  of  the  sea  when  the  land  stood  at  a  lower  level.    The  uni- 
formitarian  school  of  Lyell  had  no  difficulty  in  elevating  or  depressing 
land  to  any  required  extent.    Indeed,  when  we  consider  how  avers© 
these  philosophers  were  to  admit  any  kind  or  degree  of  natural  opera- 
tion other  than  those  of  which  there  was  some  human  experience,  we 
may  well  wonder  at  the  boldness  with  which,  on  sometimes  the  slender- 
est evidence,  they  made  land  and  sea  change  places,  on  the  one  hand 
submerging  mountain  ranges  and  on  the  other  placing  great  barriers  of 
land  where  a  deep  ocean  rolls.    They  took  such  liberties  with  geogra- 
phy because  only  well-established  ])rocesses  of  change  were  invoked  in 
the  operations.     Knowing  that  during  the  passage  of  an  earthquake  a 
territory  bordering  the  sea  may  be  upraised  or  sunk  a  few  feet,  they 
drew  the  sweeping  inference  that  any  amount  of  upheaval  or  depressiai* 
of  any  ])art  of  the  earth's  surface  might  be  claimed  in  explanation  of 
geological  problems.    The  progress  of  inquiry,  while  it  has  somewh^* 
curtailed  this  geographical  license,  has  now  made  known  in  great  detail 
the  strange  story  of  the  Ice  Age. 

There  can  not  be  any  doubt  that  after  man  had  become  a  denizen  o^ 
the  earth,  a  great  x)hysical  change  came  over  the  Northern  hemisphere- 
The  climate,  which  had  previously  been  so  mild  that  evergreen  treie^ 
flourished  within  ten  or  twelve  degrees  of  the  north  pole,  now  became  ^^ 
severe  that  vast  sheets  of  snow  and  ice  covered  the  north  of  European  *^ 
crept  southward  beyond  the  south  coast  of  Ireland,  almost  as  farastl*^^ 
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goatliern  shores  of  England,  and  across  the  Baltic  into  France  and  Ger- 
many. This  Arctic  transformation  was  not  an  episode  that  lasted  merely 
a  few  seasons,  and  left  the  land  to  resume  thereafter  its  ancient  aspect. 
With  various  successive  fluctuations  it  must  have  endured  for  many 
thousands  of  years.    When  it  began  to  disappear  it  probably  fade4 
away  as  slowly  and  imperceptibly  as  it  had  advanced,  and  when  it 
finally  vanished  it  left  Europe  and  North  America  profoundly  changed 
ill  the  charaeter  alike  of  their  scenery  and  of  their  inhabitants.     The 
rugged  rocky  contours  of  earlier  times  w^ere  ground  smooth  and  pol- 
ished by  the  march  of  the  ice  across  them,  while  the  lower  grounds  were 
huried  under  wide  and  thick  sheets  of  clay,  gravel,  and  sand,  left  be- 
laud by  the  melting  ice.    The  varied  and  abundant  flora  which  had 
spread  so  far  within  the   Arctic  circle  was  driven  away  into  more 
southern  and  less  ungenial  climes.     But  most  memorable  of  all  was 
the  extirpation  of  the  prominent  large  animals  which,  before  the  jkI- 
vent  of  the  ice,  had  roamed  over  Europe.     The  lions,  hyenas,  wild 
horses,  hippopotamuses,  and  other  creatures  either  became  entirely  ex- 
tinct or  were  driven  into  the  Mediterranean  basin  and  into  Africa.    In 
tlieir  place  came  northern  forms — the  reindeer,  glutton,  musk  ox,  woolly 
rhinoceros,  and  mammoth. 

Such  a  marvellous  transformation  in  climate,  in  scenery,  in  vegetation 
aud  in  inhabitants,  within  what  was  after  all  but  a  brief  i>ortion  of  geo- 
logiwd  time,  though  it  may  have  involved  no  sudden  or  violent  convul- 
siou,  is  surely  entitled  t^)  rank  as  a  catastrophe  in  the  history  of  the 
globe.  It  was  probably  brought  about  mainly,  if  not  entirely  by  the 
<>l)eratiou  of  forces  external  to  the  earth.  No  similar  calamity  having 
befallen  the  continents  within  the  time  during  which  man  has  been 
recording  his  experience,  the  Ice  Age  might  be  cited  as  a  contradiction 
to  the  doctrine  of  uniformity.  And  yet  it  manifestly  arrived  as  part  of 
^l»e  established  order  of  Nature.     Whether  or  not  we  grant  that  other 

• 

^^  ages  preceded  the  last  great  one,  w^e  must  admit  that  the  conditions 
uuder  which  it  arose,  so  far  as  we  know  them,  might  conceivably  have 
«*^curred  before  and  may  occur  again.  The  various  agencies  called 
"ito  play  by  the  extensive  refrigeration  of  the  northern  hemisphere 
^^ere  not  different  from  those  with  which  we  are  familiar.  Snow  fell 
^"d  glaciers  crept  as  they  do  to-day.  Ice  scored  and  polished  rocks 
exactly  as  it  still  does  among  the  Alps  and  in  Norway.  There  was 
nothing  abnormal  in  the  phenomena,  save  the  scale  on  which  they 
^cre  manitested.  And  thus,  taking  a  broad  view  of  the  whole  subject, 
^'<i  recognize  the  catastrophe,  while  at  the  same  time  we  see  in  its  prog- 
^»8  the  operation  of  those  same  natural  processes  which  we  know  to 
^  integral  parts  of  the  machinery  whereby  the  surfiwe  of  the  earth  is 
^''^ntiuually  transformed. 

Among  the  debts  which  science  owes  to  the  Huttonian  school,  not 
the  least  memorable  is  the  projuulgation  of  the  first  well-founded  cou- 
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ceptions  of  the  high  antiquity  of  the  globe.    Some  six  thousand  years 
had  previously  been  believed  to  comprise  the  whole  life  of  the  planet, 
and  indeed  of  the  entire  universe.    When  the  curtain  was  then  first 
raised  that  had  veiled  the  history  of  the  earth,  and  men,  looking  beyond 
the  brief  span  within  which  they  had  supposed  that  history  to  have 
been  transacted,  beheld  the  records  of  a  long  vista  of  ages  stretching 
far  away  into  a  dim  illimitable  past,  the  prospect  vividly  impressed 
their  imagination.      Astronomy  had  made  known  the  immeasurable 
fields  of  space;  the  new  science  of  geology  seemed  now  to  reveal  bound- 
less distances  of  time.    The  more  the  terrestrial  chronicles  were  studied 
the  farther  could  the  eye  range  into  an  antiquity  so  vast  as  to  defy  all 
attempts  to  measure  or  define  it.    The  progress  of  research  continually 
furnished  additional  evidence  of  the  enormous  duration  of  the  ages 
that  preceded  the  coming  of  man,  while,  as  knowledge  increased,  periods 
that  were  thought  to  have  followed  each  other  consecutively  were  found 
to  have  been  separated  by  prolonged  intervals  of  time.    Thus  the  idea 
arose  and  gained  universal  acceptance  that,  just  as  no  boundary  could  be 
set  to  the  astronomer  in  his  free  range  through  space,  so  the  whole  of  by- 
gone eternity  lay  open  to  the  requirements  of  the  geologist.     Playfair, 
re-echoing  and  expanding  Hutton's  language,  had  declared  that  neither 
among  the  records  of  the  earth,  nor  in  the  planetary  motions,  can  any 
trace  be  discovered  of  the  beginning  or  of  the  end  of  the  present  order 
of  things;  that  no  symptom  of  infancy  or  of  old  age  has  been  allowed 
to  appear  on  the  face  of  nature,  nor  any  sign  by  which  either  the  past 
or  the  future  duratioirof  the  universe  can  be  estimated;  and  that 
although  the  Creator  may  put  an  end,  as  he  no  doubt  gave  a  begin- 
ning, to  the  present  system,  such  a  catastrophe  will  not  be  brought 
about  by  any  of  the  laws  now  existing,  and  is  not  indicated  by  anything 
which  we  perceive.    This  doctrine  was  naturally  espoused  with  warmth 
by  the  extreme  uniformitarian  school,  which  required  an  unlimited 
duration  of  time  for  the  accomplishment  of  such  slow  and  quiet  cycles 
of  change  as  they  conceived  to  be  alone  re^jognizable  in  the  records  of 
the  earth's  past  history. 

It  was  Lord  Kelvin,  who,  in  the  writings  to  which  I  have  already 
referred,  first  called  attention  to  the  fundamentally  erroneous  nature 
of  these  conceptions.  He  pointed  out  that  from  the  high  internal  tem- 
perature of  our  globe,  increasing  inwards  as  it  does,  and  from  the  rate 
of  loss  of  its  heat,  a  limit  may  be  fixed  to  the  planet's  antiquity.  He 
showed  that  so  far  from  there  being  no  sign  of  a  beginning,  and  no 
prospect  of  an  end,  to  the  present  economy,  every  lineament  of  the 
solar  system  bears  witness  to  a  gradual  dissipation  of  energy  from  some 
definite  starting  point.  No  very  precise  data  were  then,  or  indeed  are 
now,  available  for  computing  the  interval  which  has  elapsed  since  that 
remote  commencement,  but  he  estimated  that  the  surface  of  the  gflob^ 
could  not  have  consolidated  less  than  twenty  millions  of  years  ago,  for 
the  rate  of  increase  of  temperature  inwards  would  in  that  case  hav^ 
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been  higher  than  it  actually  is;  nor  more  than  four  hundred  millions  of 
years  ago,  for  then  there  would  have  been  no  sensible  increase  at  all.  He 
was  inclined,  when  first  dealing  with  the  subject,  to  believe  that  from 
areviewof  all  the  evidence  then  available,  some  such  period  as  one 
liuDclred  millions  of  years  would  embrace  the  whole  geological  history 
of  the  globe. 

It  is  not  a  pleasant  experience  to  discover  that  a  fortune  which  one 
has  unconcernedly  believed  to  be  ample  has  somehow  taken  to  itself 
wings  and  disappeared.  When  the  geologist  was  suddenly  awakened 
by  the  energetic  warning  of  the  physicist,  who  assured  him  that  he  had 
enormously  overdrawn  his  account  with  past  time,  it  was  but  natural 
under  the  circumstances  that  he  should  think  the  accountant  to  be  mis- 
taken, who  thus  returned  to  him  dishonored  the  large  drafts  he  had 
made  on  eternity.  He  saw  hovv  wide  were  the  limits  of  time  deducible 
from  physical  considerations,  how  vague  the  data  from  which  they  had 
been  calculated.  And  though  he  could  not  help  admitting  that  a  limit 
must  be  fixed  beyond  which  his  chronology  could  not  be  extended,  he 
consoled  himself  with  the  reflection  that  after  all  a  hundred  millions  of 
years  was  a  tolerably  ample  period  of  time,  and  might  possibly  have 
been  quite  sufficient  for  the  transaction  of  all  the  prolonged  sequence 
of  events  recorded  in  the  crust  of  the  earth.  He  was  therefore  dis- 
posed to  acquiesce  in  the  limitation  thus  imposed  upon  geological  his- 
tory. 

But  physical  inquiry  continued  to  be  pushed  forward  with  regard  to 
the  early  history  and  antiquity  of  the  earth.  Further  consideration  of 
the  influence  of  tidal  friction  in  retarding  the  earth's  rotation,  and  of 
the  sun's  rate  of  cooling,  led  to  sweeping  reductions  of  the  time  allow- 
able for  the  evolution  of  the  planet.  The  geologist  found  himself  in 
the  plight  of  Lear  when  his  bodyguard  of  100  knights  was  cut  down. 
''What  need  you  five-and-twenty,  ten  or  five?"  demands  the  inex- 
orable physicist,  as  he  remorselessly  strikes  slice  after  slice  from  his 
*Uowanc€  of  geological  time.  Lord  Kelvin  is  willing,  I  believe,  to  grant 
^  some  twenty  millions  of  years,  but  Professor  Tait  would  have  us 
intent  with  less  than  ten  millions. 

In  scientific  as  in  other  mundane  questions  there  may  often  be  two 
***<le8,  and  the  truth  may  ultimately  be  found  not  to  lie  wholly  with 
^ther.  I  frankly  confess  that  the  demands  of  the  early  geologists  for 
'^  unlimited  series  of  ages  were  extravagant,  and  even,  for  their  own 
Purjioses,  unnecessary,  and  that  the  physicist  did  good  service  in  re- 
*^nciug  them.  It  may  also  be  freely  admitted  that  the  latest  conclu- 
^'^ns  from  physical  considerations  of  the  extent  of  geological  time  re- 
^^lire  that  the  interpretation  given  to  the  reex)rd  of  the  rocks  should 
^ngorously  revised,  with  the  view  of  ascertaining  how  far  that  inter- 
P^tation  may  be  capable  of  modification  or  amendment.  But  we  must 
^remember  that  the  geological  record  constitutes  a  voluminous  body 
^^  evidence  regarding  th^  earth's  history  which  can  not  be  ignored,  and 
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must  be  explained  in  ac(*.ordauce  with  ascertained  natural  laws.    If  t^ft 
conclusions  derived  from  the  most  careful  study  of  this  record  can  mo 
be  reconciled  with  those  drawn  from  physical  considerations,  it  is  surelj 
not  too  much  to  ask  that  the  latter  should  be  also  revised.    It  has  been 
well  said  that  the  mathematical  mill  is  an  admirable  piece  of  machinery, 
but  that  the  value  of  what  it  yields  dei)ends  upon  the  quality  of  what 
is  put  into  it.    Tliat  there  must  be  some  flaw  in  the  physical  argument 
I  can,  for  my  own  part,  hardly  doubt,  though  I  do  not  pretend  to  be 
able  to  say  where  it  is  to  be  found.    Some  assumption,  it  seems  to  me, 
has  been  made,  or  some  consideration  has  been  left  out  of  sight,  which 
will  eventually  be  seen  to  vitiate  the  conclusions,  and  which  when  duly 
taken  into  account  will  allow  time  enough  for  any  reasonable  iuterpre 
tation  of  the  geological  record. 

In  problems  of  this  nature,  where  geological  data  capable  of  nu- 
merical statement  are  so  needful,  it  is  hardly  possible  to  obtain  trust- 
worthy comimtations  of  time.  We  can  only  measure  the  rate  of  changes 
in  progress  now,  and  infer  from  these  changes  the  length  of  time  re- 
quired for  the  completion  of  results  achieved  by  the  same  processes  in 
the  past.  There  is  fortuiiately  one  great  cycle  of  movement  which  ad 
mits  of  careful  investigation,  and  which  has  been  made  to  furnish  val- 
uable materials  for  estimates  of  this  kind.  The  universal  degrad«ation 
of  the  land,  so  notable  a  characteristic  of  the  earth's  surface,  has  been 
regarded  as  an  extrenuily  slow  process.  Though  it  goes  on  without 
ceasing,  yet  from  century  to  century  it  seems  to  leave  hardly  any  ))er- 
ceptible  trace  on  the  landscapes  of  a  country.  Mountains  and  plains, 
hills  and  valleys  appear  to  wear  the  same  familiar  aspect  which  is 
indicated  in  the  oldest  pages  of  history.  This  obvious  slowness  in  one 
of  the  most  important  departments  of  ge^ologicaJ  activity  doubtless 
contributed  in  large  measure  to  form  and  foster  a  vague  belief  in  the 
vastness  of  the  antiquity  required  for  the  evolution  of  the  earth. 

But,  as  geologists  eventually  came  to  perceive,  the  rate  of  degrada- 
tion of  the  land  is  capable  of  actual  measurement.  The  amount  of 
material  worn  away  from  the  surface  of  any  drainage  basin  and  carried 
in  the  form  of  mud,  sand,  or  gravel,  by  the  main  river  into  the  sea 
represents  the  extent  to  which  that  surface  has  been  lowered  by  waste 
in  any  given  period  of  time.  But  denudation  and  deposition  must  be 
equivalent  to  each  other.  As  much  material  must  be  laid  down  in  sed- 
imentary  accumulations  as  has  been  mechanically  removed,  so  that  in 
measuring  the  annual  bulk  of  sediment  bori^  into  the  sea  by  a  river, 
we  obtain  a  clue  not  only  to  the  rate  of  denudation  of  the  land,  but  also 
to  the  rate  at  which  the  deposition  of  new  sedimentary  formations  takes 

m 

place. 

As  might  be  expected,  the  activities  involved  in  the  lowering  of  the 
surface  of  the  land  are  not  everywhere  equally  energetic.  They  ^ 
naturally  more  vigorous  where  the  rainfall  is  heavy,  where  the  daily 
range  of  temperature  is  large,  and  where  frosts  are  severe.    Hence  tbef 
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tre  obviously  much  more  effective  in  luountainous  regions  than  on  plains ; 
and  tbeir  results  must  constantly  vary,  not  only  in  different  basins 
of  drainage,  but  even,  and  sometimes  widely,  within  tbe  same  basin. 
Actual  measurement  of  the  i)roi)ortion  of  sediment  in  river  water 
shows  that  while  in  some  cases  the  lowering  of  the  surface  of  the  land 
may  be  as  much  as  y^-Q  of  a  foot  in  a  year,  in  others  it  falls  as  low 
as  rho'  I"  other  words,  the  rate  of  deposition  of  new  sedimentary 
formations,  over  an  area  of  sea  floor  equivalent  to  that  which  has 
yielded  the  sediment,  may  vary  from  one  foot  in  seven  hundred  and 
thirty  years  to  one  foot  in  six  thousand  eight  hundred  years. 

If  now  we  take  these  results  and  apply  them  as  measures  of  the  lengtu 
of  time  required  for  the  deposition  of  the  various  sedimentary  masses 
that  form  the  outer  part  of  the  earth's  crust,  we  obtain  some  iudiciition 
of  the  duration  of  geological  history.  On  a  reasonable  computation 
these  stratiiied  masses,  where  most  fully  developed,  attain  a  united 
thickness  of  not  less  than  109,000  feet.  If  they  were  all  laid  down  at 
the  most  rapid  recorded  rate  of  denudation,  they  would  require  a 
l)eriod  of  seventy-three  millions  of  years  for  their  completion.  If  they 
were  laid  down  at  the  slowest  rate  they  would  demand  a  period  of  not 
less  than  six  hundred  and  eighty  millions. 

But  it  may  be  argued  that  all  kinds  of  terrestrial  energy  are  grow- 
i"U  feeble,  that  the  most  active  denudation  now  in  progress  is  much 
less  vigorous  than  that  of  bygone  ages,  and  hence  that  the  stratified 
part  of  the  earth's  crust  may  have  been  put  together  in  a  much  brieler 
spa<;e  of  time  than  modem  events  might  lead  us  to  supi)ose.  Such 
arguments  are  easily  adduced  and  look  sufiiciently  specious,  but  no 
wmtirmation  of  them  can  be  gathered  from  the  rocks.  On  the  contrary, 
no  one  can  thoughtfully  study  the  various  systems  of  stratified  forma- 
tions without  being  impressed  by  the  fullness  of  their  evidence  that,  on 
the  whole,  the  accumulation  of  sediment  has  been  extremely  slow, 
^gain  and  again  we  encounter  groups  of  strata  composed  of  thin  paper- 
^ilfe  laniinaj  of  the  finest  silt,  which  evidently  settled  down  quietly  and 
*t  intervals  on  the  sea  bottom.  We  find  successive  layers  covered 
^'ith  ripple-marks  and  sun-cracks,  and  we  recognize  in  them  memorials 
^^  ancient  shores  where  sand  and  mud  tranquilly  gathered  as  they  do 
^^  sheltered  estuaries  at  the  present  day.  We  can  see  no  proof  what- 
ever—nor  even  any  evidence  which  suggests — that  on  the  whole  the  rate 
^f  Waste  and  sedimentation  was  more  rapid  during  Mesozoic  and  Palje- 
ozoic  time  than  it  is  to-day.  Had  there  been  any  marked  dift'erence  in 
^"israte  from  ancient  to  modern  times,  it  would  be  incredible  that  no 
^'^ar  proof  of  it  should  have  been  recorded  in  the  crust  of  the  earth. 

^nt  in  actual  fact  the  testimony  in  favor  of  the  slow  accumulation 
^^i  high  antiquity  of  the  geological  record  is  much  stronger  than  might 
^  inferred  from  the  mere  thickness  of  the  stratified  formations.  These 
*^diraentary  depositshave  not  been  laid  down  in  one  unbroken  sequence, 
W  have  had  their  continuity  interrupted  again  and  again  by  uyli^».N^ 
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and  depression.  So  fragmentary  are  they  in  some  regions  that  weea^ 
easily  demonstrate  the  length  of  time  rex)reseiited  there  by  still  exis 
ing  sedimentary  strata  to  be  vastly  less  than  the  time  indicated  by  tb 
gaps  in  the  series. 

There  is  yet  a  further  and  impressive  body  of  evidence  furnished  by 
the  successive  races  of  plants  and  animals  which  have  lived  upon  the 
earth  and  have  left  their  remains  sealed  up  within  its  ro<*ky  crust  No 
one  now  believes  in  the  exploded  doctrine  that  successive  creations  and 
universal  destructions  of  organic  life  are  chronicled  in  the  stratified 
rocks.  It  is  everywhere  admitted  that,  from  the  remotest  times  up  to 
the  present  day,  there  has  been  an  onward  march  of  development,  type 
succeeding  type  in  one  long  continuous  progression.  As  to  the  rate  of 
this  evolution  precise  data  are  wanting.  There  is  however  the  im- 
portant negative  argument  furnished  by  the  absence  of  evidence  of 
recognizable  specific  variations  of  organic  forms  since  man  began  to 
observe  and  record.  We  know  that  within  human  experience  a  few 
species  have  become  extinct,  but  there  is  no  conclusive  proof  that  a 
single  new  species  have  come  into  existence,  nor  are  appreciable 
variations  readily  apparent  in  forms  that  live  in  a  wild  state.  Th 
seeds  and  plants  found  with  Egyptian  mummies,  and  the  flowers  an 
fruits  depicted  on  Egyi)tian  tombs,  are  easily  identilied  with  the  veg< 
tation  of  modem  Egypt.  The  embalmed  bodies  of  animals  found  i 
that  country  show  no  sensible  divergence  from  the  structure  or  propo 
tions  of  the  same  animals  at  the  present  day.  The  human  races  * 
Northern  Africa  and  Western  Asia  were  already  as  distinct  when  \}0 
trayed  by  the  ancient  Egyptian  artiste  as  they  are  now,  and  they  < 
not  seem  to  have  undergone  any  perceptible  change  since  then.  Thi 
a  lapse  of  four  or  five  thousand  years  has  not  been  accompanied  by  ai 
recognizable  variation  in  such  fbrms  of  plant  and  animal  life  as  can  1 
tendered  in  evidence.  Absence  of  sensible  change  in  these  instanc 
is,  of  course,  no  proof  that  considerable  alteration  may  not  have  be< 
accomplished  in  other  forms  more  exiiosed  to  vicissitudes  of  clima 
and  other  external  influences.  But  it  furnishes  at  least  a  presumptit 
in  favor  of  the  extremely  tardy  progress  of  organic  variation. 

If  however  we  extend  our  vision  beyond  the  narrow  range  of  hums 
history,  and  look  at  the  remains  of  thei)lants  and  animals  preserved 
those  younger  formations  which,  though  recent  when  regarded  as  par 
of  the  whole  geological  record,  must  be  many  thousands  of  years  old 
than  the  very  oldest  of  human  monuments,  we  encounter  the  most  ii 
pressive  proofs  of  the  persistence  of  speciflc  forms.  Shells  which  liv^ 
in  our  seas  before  the  coming  of  the  Ice  age  present  the  very'san 
])eculiaritie8  of  form,  structure,  and  ornament  which  their  descendau 
still  iwssess.  The  lapse  of  so  enormous  an  interval  of  time  has  » 
sufficed  seriously  to  modify  them.  So  too  with  the  plants  and  tl 
higher  animals  which  still  survive.  Some  forms  have  become  extinc 
but  few  or  uono  which  remain  display  any  transitional  gradations  ioi 
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new  species.  We  must  admit  that  such  traiisitions  have  occurred,  that 
indeed  they  have  been  in  progress  ever  since  organized  existence  began 
upon  our  planet,  and  are  doubtless  taking  place  now.  But  we  can  not 
i  detect  them  on  the  way,  and  we  feel  constrained  to  believe  that  their 
march  must  be  excessively  slow. 

There  is  no  reason  to  think  that  the  rate  of  organic  evolution  has 
ever  seriously  varied ;  at  least  no  proof  has  been  adduced  of  such  va- 
riation. Taken  in  connection  with  the  testimony  of  the  sedimentary 
rocks,  the  inferences  deducible  from  fossils  entirely  bear  out  the  opinion 
that  the  building  up  of  the  stratitted  crust  of  the  earth  has  been  ex- 
tremely gradual.  If  the  many  thousands  of  years  which  have  elapsed 
since  the  Ice  age  have  produced  no  appreciable  modification  of  sur- 
viving plants  and  animals,  how  vast  a  period  must  have  been  required 
for  that  marvellous  scheme  of  organic  development  which  is  chronicled 
m  the  rocks ! 

After  careful  reflection  on  the  subject,  I  affirm  that  the  geological 
record  furnishes  a  mass  of  evidence  which  no  arguments  drawn  from 
other  departments  of  nature  can  explain  away,  and  which,  it  seems  to 
me,  can  not  be  satisfactorily  interpreted  save  with  an  allowance  of  time 
much  beyond  the  narrow  limits  which  recent  physical  speculation  would 
wncede. 

I  have  reserved  for  final  consideration  a  branch  of  the  history  of  the 

earth  which,  while  it  has  become,  within  the  lifetime  of  the  present 

generation,  one  of  the  most  interesting  and  fascinating  departments  of 

geological  inquiry,  owed  its  first  impulse  to  the  far-seeing  intellects  of 

Hatton  and  Playfair.     With  the  penetration  of  genius  these  illustrious 

^-^hers  perceived  that  if  the  broad  masses  of  land  and  the  great 

chains  of  mountains  owe  their  origin  to  stupendous  movements  which 

from  time  to  time  have  convulsed  the  earth,  their  details  of  contour 

^^t  be  mainly  due  to  the  eroding  power  of  running  water.    They 

f^ognized  that  as  the  surface  of  the  land  is  continually  worn  down,  it 

^^  essentially  by  a  process  of  sculpture  that  the  physiognomy  of  ev^ery 

^untry  has  been  developed,  valleys  being  hollowed  out  and  hills  left 

*^^ding,  and  that  these  inequalities  in  topographical  detail  are  only 

^^xying  and  local  accidents  in  the  progress  of  the  one  great  process  of 

^^^  degredation  of  the  land. 

Prom  the  broad  and  guiding  outlines  of  theory  thus  sketched  we 

^Hve  now  advance4l  amid  ever- widening  multiplicity  of  detail  into  a 

Jailer  and  nobler  conception  of  the  origin  of  scenery.    The  law  of  evo- 

*^tion  is  written  as  legibly  on  the  landscapes  of  the  earth  as  on  any 

^ther  page  of  the  book  of  nature.    Not  only  do  we  recognize  that  the 

Existing  topography  of  the  continents,  instead  of  being  primeval  in 

^tigin,  has  gradually  l)een  developed  after  many  precedent  mutations, 

Wt  we  are  enable<l  to  trace  these  earlier  revolutions  in  the  structure 

Of  every  hill  and  glen.    Each  mountain  chain  is  thus  found  to  be  a 
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memorial  of  many  successive  stages  in  geographical  evolution.  Withii} 
certain  limits  land  and  sea  have  changed  places  again  and  again. 
Volcanoes  have  broken  out  and  have  become  extinct  in  many  countries 
long  before  the  advent  of  man.  Whole  tribes  of  plants  and  animals 
have  meanwhile  come  and  gone,  and  in  leaving  their  remains  behind tkeiu 
as  monuments  at  once  of  the  slow  development  of  organic  types,  and 
of  the  prolonged  vicissitudes  of  the  terrestrial  surfacte,  have  famislied 
materials  for  a  chronological  arrangement  of  the  earth's  topographical 
features.  Nor  is  it  only  from  the  organisms  of  former  epochs  tliat 
broad  generalizations  may  be  drawn  regarding  revolutions  in  geog- 
raphy. The  living  plants  and  animals  of  to-day  have  been  discovered 
to  be  eloquent  of  ancient  geographical  features  that  have  long  sine* 
vanished.  In  their  distribution  they  tell  us  that  climates  have  changed; 
that  islands  have  been  disjoined  from  continents;  that  oceans  once 
united  have  been  divided  from  each  other,  or  once  separate  have  now 
been  joined;  that  some  tracts  of  land  have  disappeared,  while  others 
for  prolonged  periods  of  time  have  remained  in  isolation.  The  pres- 
ent and  the  past  are  thus  linked  together,  not  merely  by  dead  matter, 
but  by  the  world  of  living  things,  into  one  vast  system  of  continuous 
progression. 

In  this  marvellous  increase  of  knowledge  regarding  the  transforma- 
tions of  the  earth's  surface,  one  of  the  most  impressive  features,  to  my 
mind,  is  the  power  now  given  to  us  of  perceiving  the  many  strikiug 
contrasts  between  the  present  and  former  aspects  of  topography  and 
scenery.    We  seem  to  be  endowed  with  a  new  sense.    What  is  seen  by 
the  bodily  eye — mountain,  valley,  or  plain — serves  but  as  a  veil,  beyond 
which,  as  we  raise  it,  visions  of  long-lost  lands  and  seas  rise  before  as 
in  a  far-retreating  vista.    Pictures  of  the  most  diverse  and  opposite 
character  are  beheld,  as  it  were,  through  each  other,  their  lineaments 
subtly  interwoven,  and  even  their  most  vivid  contrasts  subdued  into 
one  blended  harmony.    Like  the  poet,  "  we  see,  butnot  by  sight  alone;^ 
and  the  '^ray  of  fancy"  which,  as  a  sunbeam,  lightened  up  his  lau*^* 
scape,  is  for  us  broadened  and  brightened  by  that  play  of  the  imaging* 
tion  which  science  can  so  vividly  excite  and  prolong. 

Admirable  illustrations  of  this  modern  int-erpretation  of  scenery 
supplied  by  the  district  wherein  we  are  now  assembled.  On  every  si 
of  us  rise  the  most  convincing  proofs  of  the  reality  and  potency  of  th^^ 
ceaseless  sculpture  by  which  the  elements  of  landscape  have  been  carv^^ 
into  their  present  shapes.  Turn  where  we  may,  our  eyes  rest  on  hil**-- 
that  project  above  the  lowland,  not  because  they  have  been  upheave  -^ 
into  these  x)osition8,  but  because  their  stubborn  materials  have  enable-^** 
them  better  to  withstand  the  degradation  which  has  worn  down  tlt^^ 
softer  strata  into  the  plains  around  them.  Inch  by  inch  the  sur&ce  C^ 
the  land  has  been  lowered,  and  each  hard  rock  successively  laid  bare  ha*^^ 
communicated  its  own  characteristics  of  form  and  color  to  the  scener 
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If  J  standing  on  the  Castle  Bock,  the  central  and  oldest  site  in  Edin- 
burgh, we  allow  the  bodily  eye  to  wander  over  the  fair  landscape,  and 
the  mental  vision  to  range  through  the  long  vista  of  earlier  landscapes 
which  science  here  reveals  to  us,  what  a  strange  series  of  pictures  passes 
before  our  gaze !  The  busy  streets  of  to-day  seem  to  fade  away  into  the 
mingled  copsewood  and  forest  of  prehistoric  time.  Lakes  that  have  long 
since  vanishe<l  gleam  through  the  woodlands,  and  a  rude  canoe  pushing 
from  the  shore  startles  the  red  deer  that  had  come  to  drink.  While  we 
look,  the  picture  changes  to  a  polar  scene,  with  bushes  of  stunted  Arctic 
willow  and  birch,  among  which  herds  of  reindeer  browse  and  the  huge 
mammoth  makes  his  home.  Thick  sheets  of  snow  are  draped  all  over  the 
hills  around,  and  far  to  the  northwest  the  distant  gleam  of  glaciers  and 
snowfields  marks  the  line  of  the  Highland  mcmntains.  As  we  muse  on 
this  strange  contrast  to  the  living  world  of  to  day  the  scene  appears  to 
grow  more  ..Arctic  in  a8i>ect,  until  every  hill  is  buried  under  one  vast 
sheet  of  ice,  2,()00  feet  or  more  in  thickness,  which  fills  up  the  whole 
midland  valley  of  Scotland  and  creeps  slowly  eastward  into  the  basin  of 
the  North  Sea.  Here  the  curtain  drops  upon  our  moving  pageant,  for 
in  the  geological  record  of  this  part  of  the  country  an  enormous  gap 
occurs  before  the  coming  of  the  Ice  Age. 

When  once  more  the  spectacle  resumes  its  movement  the  scene  is 
found  to  have  utterly  changed.  The  familiar  hills  and  valleys  of  the 
Lothians  have  disappeared.  Dense  jungles  of  a  strange  vegetation — 
tall  reeds,  club  mosses,  and  tree-ferns — spread  over  the  streaming  swamps 
that  stretch  for  leagues  in  all  directions.  Broad  lagoons  and  open  seas 
are  dotted  with  little  volcanic  cones  which  throw  out  their  streams  of 
lava  and  showers  of  ashes.  Beyond  these,  in  dimmer  outline  and  older  in 
date,  we  des(;ry  a  wide  hake  or  inland  sea,  covering  the  whole  midland 
valley  and  marked  with  long  lines  of  active  volcanoes,  some  of  them  sev- 
eral thousand  feet  in  height.  And  still  further  and  fainter  over  the  same 
region,  wemaycat<5h  a  glimpse  of  that  still  earlier  expanse  of  sea  which 
in  Silurian  times  overspread  most  of  Britian.  But  beyond  this  scene  our 
vision  fails.  We  have  reached  the  limit  across  which  no  geological 
evidence  exists  to  lead  the  imagination  into  the  primeval  darkness 
beyond. 

Such  in  brietest  outline  is  the  succession  of  mental  pictures  which 
modern  science  enables  us  to  frame  out  of  the  landscapes  around  Edin- 
burgh. They  may  be  taken  as  illustrations  of  what  may  be  drawn,  and 
sometimes  with  even  greater  fulness  and  vividness,  from  any  district  in 
these  islands.  But  I  cite  them  especially  because  of  tlieir  local  interest 
in  connection  with  the  present  meeting  of  the  Association,  and  because 
the  rocks  that  yield  them  gave  inspiration  to  those  great  masters  whose 
claims  on  our  recollection,  not  least  for  their  explanation  of  the  origin 
of  scenery,  I  have  tried  to  recount  this  evening. 
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n  the  short  time  allotted  to  me  I  can  only  hoi>eto  present  a  brief 
tch  of  the  main  geological  features  of  the  country  which  you  are 
ut  to  visit.  My  remarks  must*,  of  necessity,  be  more  or  less  incom- 
tie,  as  my  desire  is  not  so  much  to  elucidate  any  special  problem 
nected  with  the  many  interesting  geological  questions  to  be  found 
e,  but  rather  to  offer  such  a  general  view  of  the  region  as  will 
ble  you,  during  your  five  days'  trip  through  the  Park,  to  understand 
irly  something  of  its  physical  geography  and  geology, 
lie  Yellowstone  Park  is  situated  in  the  extreme  northwestern  por- 
1  of  the  Territory  of  Wyoming.  Its  boundaries,  as  determined  by 
original  act  of  Congress  setting  apart  the  Park,  are  very  ill- 
iued.  At  the  time  of  the  enactment  of  the  law  establishing  this 
ional  reservation,  the  region  had  been  but  little  explored,  and  its 
ktion  to  the  physical  features  of  the  adjacent  country  was  but  little 
ierstood.  Since  that  time,  surveys  have  shown  that  only  a  narrow 
p,  about  2  miles  in  width,  was  situated  in  the  Territory  of  Mon- 
G^  but  it  was  also  found  that  a  still  narrower  strip  extended  west- 
•d  into  the  Territory  of  Idaho.  The  question  of  properly  establish- 
the  boundaries,  based  upon  our  present  knowledge  of  the  country, 
ow  before  Congress,  and  an  act  has  already  passed  the  Senate,  pro- 
ing  to  make  the  northern  boundary  coincide  with  the  boundary 
ween  Wyoming  and  Montana,  and  the  western  boundary  coincide 
h  the  Wyoming  and  Idaho  line.  The  act  under  consideration 
ends  the  southern  boundary  of  the  Park  to  the  44th  pai*allel  of  lati- 
e,  carrying  the  area  of  the  reservation  southward  9^  miles.  The 
tern  boundary  is  made  to  coincide  with  the  meridian  of  109^  30', 
ling  a  strip  of  country  about  24^  miles  in  width  along  the  entire 
tern  side  of  the  Park. 

lie  area  of  the  Park,  as  at  present  defined,  is  somewhat  more  than 
K)  square  miles,  and  the  proposed  addition  increases  the  reservation 

in  address  at  a  special  session  of  tbe  American  Institute  of  Mining  Engineers, 
lammoth  Hot  Springs,  Wyoming,  on  tbe  borders  of  tbe  National  Park,  Jnl^^, 
.    (From  TrauB.  Am,  Inst  Mining  Engineers.) 
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by  nearly  2,000  square  miles.  The  Park  plateau,  with  the  adjacent 
mouu tains,  presents  a  sharply  defined  region,  in  strong  contrast  with 
the  rest  of  the  northern  Bocky  Mountains.  It  stands  out  boldly  by 
itself,  unique  in  topographical  structure,  and  complete  as  a  geological 
problem. 

The  central  portion  of  the  Yellowstone  Park  is,  essentially,  a  broad, 
elevated,  volcanic  plateau,  between  7,000  and  8,500  feet  above  sea-level, 
and  with  an  average  elevation  of  about  8,000  feet.  Surrounding  it  od 
the  south,  east,  north,  and  northwest,  are  mountain  ranges  with  culmi- 
nating peaks  and  ridges  rising  from  2,000  to  4,000  feet  above  the 
general  level  of  the  inclosed  table-land. 

For  present  purposes  it  is  needless  to  confine  ourselves  strictly  to 
legal  boundaries,  but  rather  to  consider  the  entire  region  in  its  broader 
physical  features.  It  is  worthy  of  note,  however,  that  by  the  proposed 
enlargement  the  protected  area  will  agree  closely  with  the  geographical 
province. 

South  of  the  Park,  the  Tetons  stand  out  prominently  above  the  sur- 
rounding country,  the  highest,  grandest  peaks  in  the  northern  Bocky 
Mountains.  The  eastern  face  of  this  mountain  mass  rises  with  un- 
rivalled boldness  for  nearly  7,000  feet  above  Jackson  Lake.  North- 
ward, the  ridges  fall  away  abruptly  beneath  the  lavas  of  the  Park,  only 
tlieoutlying  spurs  coming  within  the  limits  of  the  reservation.  For  the 
most  part  the  mountains  are  made  up  of  coarse  crystalline  gneisses  and 
schists,  probably  of  Archean  age,  flanked  on  the  northern  spurs  by  up- 
turned Palaeozoic  strata. 

To  the  east,  across  the  broad  valley  of  the  Upper  Snake,  generally 
known  as  Jackson  Basin,  lies  the  well-known  Wind  Biver  Bange, 
famous  from  the  earliest  days  of  the  Bocky  Mountain  trappers.  The 
Northern  end  of  this  range  is  largely  composed  of  Mesozoic  strata, 
single  ridges  of  Oretaceous  sandstone  penetrating  still  farther  north- 
ward  into  the  regions  of  the  Park,  and  protruding  above  the  great 
flows  of  lava. 

Along  the  entire  eastern  side  of  the  Park  stretches  the  Absaroka 
Bange— so-called  from  the  Indian  name  of  the  Crow  Nation.  The 
Absaroka  Bange  is  iutimately  connected  with  the  Wind  Biver,  the  two 
being  so  closely  related  that  any  line  of  separation  must  be  drawn 
more  or  less  arbitrarily,  based  more  upon  geological  structures  and 
forms  of  erosion  than  upon  physical  limitations. 

The  Absarokas  ofter,  for  more  than  80  miles,  a  bold,  unbroken  bar- 
rier to  all  western  progress;  a  rough,  rugged  country,  dominated  by 
high  peaks  and  crags  from  10,000  to  11,000  feet  in  height.  Only  a 
few  adventurous  hunters  and  mountaineers  cross  the  range  by  one  or 
two  dangerous,  precipitous  trails  known  to  but  few.  The  early  trap- 
pers found  it  a  forbidding  land;  prospectors  who  followed  them,  a 
barren  one. 

At  the  northeast  corner  of  the  Park  a  confused  mass  of  mountains 
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connects  the  Absarokas  witli  the  Snowy  Range.  This  Snowy  Bange 
shuts  ill  the  l*ark  on  the  north,  and  is  an  eijually  rough  region  of  coun- 
try, with  elevated  mountain  masses  covered  with  snow  the  greater  part 
ot  the  year,  as  the  name  would  indicate.  Only  the  southern  slopes, 
wlucbrim  in  the  Park  region,  come  within  the  limit  of  our  investiga- 
tion. Here  the  rocks  are  mainly  granites,  gneisses,  and  schists,  the 
sedimentary  beds,  for  the  most  part,  referable  to  the  pre-Cambrian 
series. 

The  Granatin  Kange  incloses  the  Park  on  the  north  and  northwest, 
h lies  directly  west  of  the  Snowy,  only  separated  by  the  broad  valley 
of  the  Yellowstone  River.  It  is  a  range  of  great  beauty,  of  diversified 
forms,  and  varied  geological  problems.  Electric  Peak,  in  the  extreme 
northwestern  corner  of  the  Park,  is  the  culminating  point  in  the  range, 
and  aflfords  one  of  the  most  extended  views  to  be  found  in  this  part  of 
the  country.  Archean  gneisses  form  a  prominent  mass  in  the  range 
over  which  occur  a  series  of  sandstones,  limestones,  and  shales,  of  Pale- 
ozoic and  Mesozoic  age,  representing  Cambrian^  Silurian,  Devonian, 
Carboniferous,  Trias,  Jura,  and  Cretaceous.  Immediately  associated 
with  these  sedimentary  beds,  are  large  masses  of  intrusive  rocks, 
which  have  played  an  important  part  in  bringing  about  the  present 
structural  features  of  the  range.  Tliey  are  all  of  the  andesitic  tj'pe, 
but  showing  considerable  range  in  mineral  composition,  including 
pyroxene,  hornblende,  and  hornblende  mica  varieties.  These  intrusive 
masses  are  found  in  narrow  dikes,  in  immense  interbedded  sheets 
forced  between  the  different  strata,  and  as  laccolites,  a  mode  of  occur- 
rence first  described  from  the  Henry  Mountains  in  Utah,  by  Mr.  G.  K. 
Gilbert, but  now  well  recognized  elsewliere  in  the  northern  Cordillera. 

We  see  then  that  the  Absarokas  rise  as  a  formidable  barrier  on  the 
♦ustem  side  of  the  Park,  the  Gallatins  as  a  steej)  mural  face  on  the 
^estside,  while  the  other  ranges  terminate  abrui)tly,  rimming  in  the 
^*iirkon  the  north  and  south,  and  le.iving  a  depressed  region  not  unlike 
the  parks  of  Colorado,  only  covering  a  more  extended  area  with  a  rela- 
tively deeper  basin.  The  region  has  been  one  of  profound  dynamic 
^tioii,  and  the  center  of  mountain  building  on  a  grand  scale.  On  the 
ac4*ompanyiug  map  of  the  Yellowstone  Park,  which  shows  the  position 
of  the  principal  objects  of  interest,  the  relations  of  the  ranges  to  the 
plateau  are  clearly  indicated. 

It  is  not  my  purpose  at  the  present  time  to  enter  upon  the  details  of 
gei)logieal  structure  of  these  ranges,  each  offering  its  own  special  study 
^**d  field  of  investigation.  My  desire  is  simply  to  call  your  attention 
^^  their  general  features  and  mutual  relations.  So  far  as  their  age  is 
^'oncerned,  evidence  goes  to  show  that  the  action  of  upheaval  was  con- 
^^''uporaueous  in  all  of  them,  and  coincident  with  the  powerful  dy- 
|'''^niic  mDvements  which  uplifted  the  north  and  south  ranges,  stretch- 
^H  across  Colorado,  Wyoming,  and  Montana.  This  dynamic  niove- 
^^^nt  blocked  out,  for  the  most  part,  the  Rocky  Mountains,  near  the 
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close  of  the  Cretaceous,  altbougb  there  is  good  reason  to  belie^ 
in  this  region  profound  faulting  and  displacement  continued  tb< 
of  mountain  building  well  into  tbe  Middle  Tertiary  period. 
Tbrougbout  Tertiary  time  in  tbe  Park  area,  geological  history  wa 
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acterized  by  great  volcanic  activity,  enormous  volumes  of  erupte< 
rfal  being  poured  out  in  tbe  Eocene  and  Middle  Tertiary,  continuii 
less  force  tlirougb  tbe  Pliocene,  and  extending  into  Quatemar 
Witbin  very  recent  times  tbere  is  no  evidence  of  any  consideral 
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burst;  indeed  the  region  may  be  considered  long  since  extinct.  These 
Tolcanic  rocks  present  a  wide  range  in  chemical  and  mineral  composi- 
tion and  physical  structure.  They  may  all  however  be  classed  under 
three  great  groups^ — andesites,  rhyolites,  and  basalts — ^following  each 
other  in  the  order  named.  In  some  instances^  eruptions  of  basalt  oc- 
crnred  before  the  complete  extinction  of  rhyolite,  but  in  general,  the 
relative  age  of  each  group  is  clearly  and  sharply  defined,  the  distribu- 
tion and  mode  of  occurrence  of  each  presenting  characteristics  and 
salient  features  frequently  marked  by  periods  of  erosion. 

Andesites  are  the  only  volcanic  rocks  which  have  played  an  impor- 
tant part  in  producing  the  present  structural  features  of  the  moun- 
tains surrounding  the  Park.  As  already  mentioned,  they  occur  in 
large  masses  in  the  Gallatin  range,  while  most  of  the  culminating 
peaks  in  the  Absarokas  are  composed  of  compact  andesites  and  ande- 
sitic  breccias.  On  the  other  hand,  the  andesites  are  not  confined  to  the 
momi tains,  but  played  an  active  role  in  filling  up  the  interior  basin. 
That  the  duration  of  the  andesitic  eruptions  was  long  continued,  is 
made  evident  by  the  plant-remains  found  in  ash  and  lava  beds  through 
2,000  feet  of  volcanic  material.  The  plants  have  as  yet  been  too  little 
studied  to  define  positively  their  geological  horizons.  It  is  quite  pos- 
sible that  they  may  indicate  marked  differences  of  climate  between  the 
lower  and  upper  beds. 

In  early  Tertiary  times,  a  volcano  Durst  forth  in  the  northeast  cor- 
ner of  the  depressed  area  encircled  by  the  Park  Mountains,  not  far 
fi'om  the  junction  of  the  Absaroka  and  Snowy  ranges.  While  not  to 
to  be  compared  in  size  and  grandeur  with  the  volcanoes  of  California 
and  the  Cascade  Eange,  it  is,  for  the  Rocky  Mountains,  one  of  no  mean 
proportions.  It  rises  from  a  base  about  6,500  feet  above  sea-level,  the 
cnbninating  peak  attaining  an  elevation  of  10,000  feet.  This  gives  a 
beigbt  to  the  volcano  of  3,500  feet  from  base  to  summit,  measuring  from 
the  Archaean  rocks  of  the  Yellowstone  Valley  to  the  top  of  Mount  Wash- 
burne.  The  average  height  of  the  crater  rim  is  about  9,000  feet  above 
sea  level,  the  volcano  measuring  15  miles  across  the  base.  The  erup- 
tive origin  of  Mount  Washbume  has  long  been  recognized,  and  it  is 
frequently  referred  to  as  a  volcano.  It  is  however  simply  the  highest 
peak  among  several  others,  and  represents  a  later  outburst  which  de- 
stroyed in  a  measure  the  original  rim  and  form  of  the  older  crater.  The 
^fuptious  for  the  most  part  were  basic  andesites.  Erosion  has  so  worn 
away  the  earlier  rocks,  and  enormous  masses  of  more  recent  lavas 
"ave  so  obscured  the  original  form  of  lava-flows,  that  it  is  not  easy  for 
*^  inexperienced  eye  to  recognize  a  volcano  and  the  surrounding  peaks 
^the  more  elevated  points  in  a  grand  crater  wall.  By  following 
**'ound  on  the  ancient  andesitic  rim,  and  studying  the  outline  of  the 
^^^1  crater,  together  with  the  composition  of  its  lavas,  its  true  origin 
^'W  history  may  readily  be  made  out.  This  older  crater  has  as  yet 
''^ived  no  special  designation,  but  when  our  ma])s  and  reports  ar^ 
**Hally  published,  this  ancient  geological  niin  will  receive  a\\a^\vta\>\\aXft» 
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designation.  This  old  volcano  of  early  Tertiary  time  occupies  a  prom- 
inent place  in  the  geological  development  of  the  Park,  and  dates  back 
to  the  earliest  outbursts  of  lava  which  have  in  this  region  changed  a 
depressed  basin  into  an  elevated  plateau.  We  have  here  a  volcano 
situated  far  inland,  in  an  elevated  region,  in  the  heart  of  the  Eocky 
Mountains.  It  lies  on  the  eastern  side  of  the  continent,  only  a  few 
miles  from  the  great  continental  divide  which  sends  its  waters  to  botb 
the  Atlantic  and  Pacific. 

After  the  dying  out  of  the  andesitic  lavas,  followed  by  a  period  of 
erosion,  immense  volumes  of  rhyolite  were  enipted,  which  not  only 
threatened  to  fill  u])  the  crater  but  to  bury  the  outer  walls  of  the  vol- 
cano. On  all  sides  the  andesitic  slopes  were  submerged  beneath  tbe 
rhyolite  to  a  height  of  from  8,000  to  8,500  feet.  This  enormous  mass 
of  rhyolite,  poured  out  after  the  close  of  the  andesitic  period,  did  more 
than  anything  else  to  bring  about  the  present  physical  features  of  the 
Park  table-land.  A  tourist  making  the  customary  trip  through  the 
l^irk,  visiting  all  the  prominent  geyser  basins,  hot  springs,  and  the 
Grand  Canon  and  Palls  of  the  Yellowstone,  is  not  likely  to  come  upon 
any  other  rock  than  rhyolite,  excepting,  of  course,  deposits  from  the 
hot  springs.  If  he  extended  his  journey  to  the  lake  region,  taking  in 
Shoshone,  Lewis,  and  Yellowstone  lakes,  and  spending  a  week  or  ten 
days  going  over  the  beaten  routes  of  travel,  he  will  not,  unless  he  as- 
(!ends  Mount  Washburne,  leave  the  rhyolite  lavas.  A  description  of 
the  rhyolite  region  is  essentially  one  of  the  Park  plateau.  Taking  the 
bottom  of  the  basin  at  6,500  feet  above  sea  level,  these  acidic  lavas 
were  piled  up  until  the  accumulated  mass  measured  2,000  feet  in  thick- 
ne.<JS.  It  completely  encircled  the  Gallatin  Kange,  burying  its  lower 
slopes  on  both  the  east  and  west  sides;  it  banked  up  all  along  the  west 
(lanks  of  the  Absarokas,  and  buried  the  outlying  spurs  of  the  Teton 
and  Wind  Kiver  ranges. 

The  Park  Plateau  covers  an  area  approximately  60  by  40  miles,  with 
a  mean  altitude  of  8,000  feet.    It  is  accidented  by  undulating  basins  of 
vjiried  outline  and  scored  by  deep  canyons  and  gorges.    Strictly  si)eak- 
iug  it  is  not  a  plateau ;  at  least  it  is  by  no  means  a  level  area,  but  a  nig- 
ged country,  characterized  by  bold  escarpments  and  abrupt  edges  of 
mesa-like  ridges.    But  few  large  vents  or  centers  of  volcanic  activity 
for  the  rhyolite  have  been  recognized,  the  two  principal  sources  being 
the  volcano  to  which  reference  has  already  been  made,  and  Mount 
Sheridan  in  the  southern  end  of  the  Park.    Mount  Sheridan  is  tbe 
most  commandmg  peak  on  the  plateau,  with  an  elevation  10,200  feet 
above  sea  level  aud2,600  feet  above  Heart  Lake.    From  the  summitof  the 
l)eak  on  a  clear  day  one  may  overlook  the  entire  plateau  country  aud  the 
mountains  which  shut  it  in,  while  almost  at  the  base  of  the  peak  lie  the 
magnificent  lakes  which  add  so  much  to  the  quiet  beauty  of  the  region,  in 
contrast  with  the  rugged  scenery  of  the  mountains.   From  no  point  is  the 
magnitude  and  grandeur  of  the  volcanic  region  so  impressive.  The  lava- 
^ows — bounded  on  the  east  by  t\ie  Abs^atokaa — extend  westward  b^^ 
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y  across  the  park,  but  across  the  Madison  Plateau,  and  out  on  to  the 
at  plains  Snake  of  River,  stretching  far  westward  ahuost  without  a 
ftk  in  the  continuity  of  the  eruptive  flows.  Over  the  central  portion  of 
park,whe!  e  the  ryholites  are  thickest,  erosion  has  failed  to  penetrate  to 
underlying  rock.  Even  such  deep  gorgesas  the  Yellowstone,  Gibbon, 
Madison  Cailons  have  nowhere  worn  through  these  rhyolite  flows, 
he  Grand  Canon  of  the  Yellowstone  the  andesitic  breccias  are  found 
eath  the  rhyolites,  but  the  deepest  cuts  fail  to  reveal  the  nnderly- 
sedimentary  beds.  Although  the  rocks  of  the  plateau  for  the  most 
b  belong  to  one  group  of  acidic  lavas,  they  by  no  means  present  the 
it  uniformity  and  monotony  in  field  appearance  that  might  be  ex- 
ted.  These  2,000  square  miles  offer  as  grand  a  field  for  the  study  of 
ictural  forms,  development  of  crystallization,  and  mode  of  occurrence 
cidic  lavas  as  could  well  be  found  anywhere  in  the  world.  They 
f  from  a  nearly  holocrystalline  rock  to  one  of  pure  volcanic  glass. 
idian,  pumice,  pitchstone,  ash,  breccia,  and  an  endless  development 
yfansition  forms  alternate  with  the  more  compact  lithoidal  lavas 
ch  make  up  the  great  mass  of  the  rhyolite,  and  which  in  colors, 
:ure,and  structural  developments  present  an  equally  varied  aspect, 
mineral  composition  these  rock  are  simple  enough.  The  essential 
erals  are  orthoclase  and  quartz,  with  more  or  less  plagioclase. 
idine  is  the  prevailing  feldspar,  although  in  many  cases  plagioclase 
QS  occur  nearly  as  abundantly  as  orthoclase.  Chemical  analyses, 
ither  we  consider  the  rocks  from  the  crater  of  Mount  Sheridan,  the 
imit  of  the  plateau,  or  the  volcanic  glass  of  the  world-renowned 
ddian  Cliff,  present  comparatively  slight  differences  in  ultimate  com- 
ttion. 

he  following  analyses  of  two  rocks,  representing  extreme  forms  in 
sical  habit,  show  how  closely  they  approach  each  other  in  composi- 
I  of  the  original  magma  : 


I  SiUca 

[  Titanic  acid 

j  Phosphoric  acid  . 

AhiTuina 

Ferric  oxide 

I  Ferrous  oxide  . . . 
:  Ferric  sulphide  . . 

Manganese  oxide 

Lime 


Majpiesia 
Lithia  . . . 
Potash... 
Soda 


Salphuric  acid 

W'ater 

Ignition 

ToUl  .... 


No.  1. 
Mfldison  Plateau. 


75.19 

None. 

None. 

13.77 

0.61 

1.37 

Trace. 
0.08 
0.09 
0.02 
3.33 
3.83 
0.29 
0.05 


I 


No.  2. 
Obsidian  Cliff. 


75.52  I 

None.  . 

None. 

14.11 

1.74 

0.08 

0.11 

None. 

0.78 

0.10 

3.62 
3.93 


0.  39 ., 


1)9. 8'.J 


uw.'ia 
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The  rock  from  Madison  Plateau  was  collected  od  the  north  side  of 
Madison  Canyon  aud  was  selected  as  a  typical  rock  covering  large  areas 
of  the  Park.  It  is  purplish-gray  in  color,  rough  in  texture,  porphy- 
ritic  in  structure,  aud  characterized  by  well -developed  sanidin  and 
quartz.  The  obsidian,  from  Obsidian  Cliif,  is  an  excellent  example  of 
I)ure  volcanic  glass,  wholly  devoid  of  porphyritic  crystals.  In  general 
the  investigations  of  the  laboratory  confirm  the  observations  of  the 
field  geologist,  that  the  differences  exhibited  by  the  volcanic  product  are 
not  of  chemical  or  mineral  composition,  bnt  rather  of  physical  con- 
ditions under  which  the  magma  has  cooled. 

I  have  dwelt  somewhat  in  detail  upon  the  nature  of  these  rocks  for 
two  reasons:  First,  because  of  the  difficulty  met  with  by  the  scientific 
traveller  in  recognizing  the  uniformity  and  simplicity  of  chemical  com- 
position of  the  rhyolite  magma  over  the  entire  plateau,  owing  toils 
great  diversity  in  superficial  habit;  second,  on  account  of  their  geolog- 
ical importance  in  connection  with  the  unrivalled  display  of  the  gey- 
sers and  hot  springs.  That  the  energy  of  the  steam  and  thermal 
waters  dates  well  back  into  the  period  of  volcanic  action,  there  is  in 
my  opinion  very  little  reason  to  doubt.  As  the  energy  of  this  under- 
ground heat  is  to  day  one  of  the  most  impressive  features  of  tiie 
country,  I  will  defer  commenting  upon  the  geysers  and  hot  springs 
until  speaking  of  the  present  condition  of  the  Park. 

Although  the  rhyolite  eruptions  were  probably  of  long  duration  and 
died  out  slowly,  there  is,  I  think,  evidence  to  show  that  they  occngied 
a  clearly  and  sharply  defined  period  between  the  andesites  and  basalt 
eruptions.  Since  the  outpouring  of  this  enormous  body  of  rhyolite 
and  building  up  of  the  plateau  the  region  has  undergone  profoand 
faulting  and  displacement,  lifting  up  bodily  immense  blocks  of  lava 
and  modifying  the  surface  features  of  the  country.  Following  the  rhy- 
olite came  the  period  of  basalt  eruptions,  which,  in  comparison  with 
the  andesite  and  rhyolite  eras,  was,  so  far  as  the  Park  was  con- 
cerned, insignificant,  both  as  regards  the  area  covered  by  the  basalt 
and  its  influence  in  modifying  the  physical  aspect  of  the  region.  The 
basalt  occurs  as  thin  sheets  overlying  the  rhyolite  and  in  some 
instances  as  dikes  cutting  the  more  acidic  rocks.  It  has  broken  out 
near  the  outer  edge  of  the  rhyolite  body  and  occurs  most  frequently 
along  the  Yellowstone  Valley,  aloug  the  western  foothills  of  the  GjJ- 
latin  Kange  and  Madison  Plateau,  and  again  to  the  southward  of  the 
Falls  Eiver  basin. 

After  the  greater  part  of  the  basalt  had  been  poured  out  came  the 
glacial  ice,  which  widened  and  deepened  the  pre-existing  drainage 
chfinnels,  cut  profound  gorges  through  the  rhyolite  lavas  and  modelled 
the  two  volcanos  into  their  present  form.  Over  the  greater  part  of  tb< 
Cordillera  of  the  central  and  northern  Rocky  Mountains  wherever  Um 
X)eaks  attain  a  sufficiently  high  altitude  to  attract  the  moistareladei 
clouds  evidences  of  the  former  existence  of  local  glaciers  are  to  b 
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found.  In  the  Teton  Range  several  well-defined  characteristic  glaciers 
still  exist  upon  the  abrupt  slopes  of  Mount  Hayden  and  Mount  Moran. 
They  are  the  remnants  of  a  much  larger  system  of  glaciers.  The  Park 
region  presents  so  broail  a  mass  of  elevated  country  that  the  entire 
phteau  was,  in  glacial  times,  covered  with  a  heavy  capping  of  ice. 
Evidences  of  glacial  action  are  everywhere  to  be  seen. 

Over  the  Absaroka  Range  glaciers  were  forced  down  into  the  Lamar 
and  Yellowstone  valleys,  thence  westward  over  the  top  of  Mount  Evarts 
to  the  Mammoth  Hot  Springs  Basin.  On  the  opposite  side  of  the  Park 
the  ice  from  the  summit  of  the  Gallatin  Range  moved  eastward  across 
8wau  Valley  and  passing  over  the  top  of  Terrace  Mountain  joined  tbe 
ice  field  coming  from  the  east.  The  united  ice  sheet  plowed  its  way 
northward  down  the  valley  of  the  Gardiner  to  the  Lower  Yellowstone, 
where  the  broad  valley  may  be  seen  strewn  with  the  material  trans- 
ported from  both  the  east  and  west  rims  of  the  Park. 

Since  the  dying  out  of  the  rhyolite  eruptions  erosion  has  greatly 
modified  the  entire  surface  features  of  the  Park.  Some  idea  of  the  ex- 
tent of  this  action  may  be  realized  when  it  is  recalled  that  the  deep 
cafions  of  the  Yellowstone,  Gibbon  and  Madison  rivers — canons  in  the 
strictest  use  of  the  word — have  all  been  carved  out  since  that  time. 
To-day  these  gorges  measure  several  miles  in  length  and  from  1,000  to 
1,500  feet  in  depth. 

To  the  geologist  one  of  the  most  impressive  objects  on  the  Park 
plateau  is  a  transported  bowlder  of  granite  which  rests  directly  upon 
the  rhyolite  near  the  brink  of  the  Grand  Canon,  about  3  miles  below  the 
Falls  of  the  Yellowstone.  It  stands  alone  in  the  forest,  miles  from  the 
nearest  glacial  bowlder.  Glacial  detritus  carrying  granitic  material 
may  be  traced  upon  both  sides  of  the  caiion  wall,  but  not  a  fragment 
of  rock  more  than  a  few  inches  in  diameter,  older  than  the  recent  lavas, 
has  been  recognized  within  a  radius  of  many  miles.  This  massive 
block,  although  irregular  in  shape  and  somewhat  pointed  toward  the 
top,  measures  24  feet  in  length  by  20  feet  in  breadth  and  stands  18  feet 
above  the  base.  The  nearest  point  from  which  it  could  have  been  trans- 
ported is  distant  30  or  40  miles.  Coming  upon  it  in  tbe  solitude  of  the 
forest  with  all  its  strange  surroundings  it  tells  a  most  impressive  story. 
In  no  place  are  the  evidences  of  frost  and  fire  brought  so  forcibly  to- 
gether as  in  the  Yellowstone  National  Park. 

Since  the  close  of  the  ice  period  no  geological  events  of  any  moment 
have  brought  about  any  changes  in  the  physical  history  of  the  region 
other  than  those  produced  by  the  direct  action  of  steam  and  thermal 
waters.  A  few  insignificant  eruptions  have  probably  occurred,  but 
they  failed  to  modify  the  broad  outlines  of  topographical  structure  and 
present  but  little  of  general  interest  beyond  the  evidence  of  the  con- 
tinuance of  volcanic  action  into  quaternary  times.  Volcanic  activity 
in  the  Park  may  be  considered  as  long  since  extinct.  At  all  events  in- 
dications of  fresh  lava-flows  within  historical  times  are  wYioWy  N7«bw\r 
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ing.  TbivS  is  not  without  interest,  as  evidence  of  under-ground  h« 
may  be  observed  everywhere  throughout  the  Park  in  the  waters  of  tli 
geysers  and  hot  springs.  All  our  observations  point  in  one  directioi 
and  lead  to  the  theory  that  the  cause  of  the  high  temperatures  of  thes* 
waters  must  be  found  in  the  heated  rocks  below,  and  that  the  origin  o 
the  heat  is  in  some  way  associated  with  the  source  of  volcanic  energy.  1 
by  no  means  follows  that  the  waters  themselves  are  derived  from  an; 
deep-seated  source;  on  the  contrary,  investigation  tends  to  show  tlia 
the  waters  brought  up  by  the  geysers  and  hot  springs  are  mainly  sui 
face  waters  which  have  percolated  downward  a  suflScient  distance  t 
become  heated  by  large  volumes  of  st-eam  ascending  through  fissure 
and  vents  from  jnuch  greater  depths.  If  this  theory  is  the  correct  on 
it  is  but  fair  to  demand  that  evidence  of  long-continued  action  of  ho 
waters  and  super-heated  steam  should  be  apparent  upon  the  rock 
through  which  they  passed  on  their  way  to  the  surface.  This  is  pn 
cisely  what  one  sees  in  innumerable  places  on  the  Park  plateau.  Ii 
deed,  the  decomposition  of  the  lavas  of  the  rhyolite  plateau  have  pr 
ceeded  on  a  most  gigantic  scale,  and  could  only  have  taken  place aft( 
the  lapse  of  an  enormous  period  of  time  and  the  giving  oflF  of  vai 
quantities  of  heat,  if  we  are  to  judge  at  all  by  what  we  see  going  c 
around  us  to-day.  The  ascending  currents  of  steam  and  hot  wati 
have  been  powerful  geological  agents,  and  have  left  an  indelible  ii 
pression  upon  the  surface  of  the  county.  The  most  striking  examp 
of  this  action  is  found  in  the  Grand  Canon  of  the  Yellowstone.  Fro 
the  lower  falls  for  3  miles  down  the  river  abrupt  walls  upon  bo 
sides  of  the  canon,  a  thousand  feet  in  depth,  present  a  brilliancy  ai 
mingling  of  color  beyond  the  power  of  description.  From  the  brink 
the  canon  to  the  water's  edge  the  walls  are  sheer  bodies  of  decomiK)8 
rhyolite.  Varied  hues  of  orange,  red,  purple,  and  sulphur-yellow  J 
irregularly  blended  in  one  confused  mass.  There  is  scarcely  a  piece 
unaltered  rock  in  place.  Much  of  it  is  changed  into  kaolin;  but  fr 
rhyolite,  still  easily  recognized,  occur  transition  products  of  every  p 
sible  kind  to  good  procelain  clay.  This  is  the  result  of  the  longer 
tinned  action  of  steam  and  vapors  upon  the  rhyolite  lavas.  Thron 
this  mass  of  decomposed  rhyolite  the  course  of  ancient  Bteam  vents 
their  upward  passage  may  still  be  traced,  while  at  the  bottom  of  1 
canon  hot  springs,  fumaroles,  and  steam  vents  are  still  more  or  1 
active,  but  probably  with  diminished  power. 

It  is  needless  to  weary  you  with  the  details  of  this  decompositi 
but  I  may  add  that  investigations  in  the  laboratory  ui)on  these  tr 
sition  products  fully  substantiate  field  observations. 

Still  other  areas  are  quite  as  convincing,  if  not  on  so  grand  a  sci 
as  the  Yellowstone  Caiion.  Joseph's  Coat  Basin,  on  the  east  sid< 
the  caiion,  and  Brimstone  Hills,  on  the  eai>t  side  of  the  Yellowsti 
Lake,  an  extensive  area  on  the  slopes  of  the  Absaroka  Range,  b 
present  evidences  of  the  same  chemical  processes  brought  about  in 
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same  manner.  It  is  not  stating  it  too  strongly  to  say  that  the  plateau  on 
the  east  side  of  the  Grand  Canon,  from  Broad  Creek  to  Pelican  Creek, 
is  completely  undermined  by  the  action  of  super-heated  steam  and 
alkaline  waters  on  the  rhyolite  lava.  Similay  processes  may  be  seen 
going  on  to-day  in  all  the  geyser  basins.  To  accomplish  these  changes 
a  loug  period  of  time  must  have  been  required.  The  study  of  com- 
paratively fresh  vents  shows  almost  no  change  from  year  to  year,  al- 
though careful  scrutiny  during  a  period  of  five  years  detects  a  certain 
amount  of  disintegration,  but  infinitely  small  in  comparison  with  the 
great  bodies  of  altered  rock.  This  is  well  shown  in  a  locality  like  the 
Monarch  Geyser  in  the  Norris  Geyser  Basin,  where  the  water  is  thrown 
out  at  regular  intervals  through  a  narrow  fissui^e  in  the  rock. 

The  Grand  Canon  of  the  Yellowstone  oflPers  one  of  the  most  impres- 
sive examples  of  erosion  on  a  grand  scale  within  recent  geological 
times.  It  is  self-evident  that  the  deep  canon  must  be  of  much  later 
origin  than  the  rock  through  which  it  has  been  worn,  and  it  seems 
quite  clear  that  the  course  and  outlines  of  the  canon  were  in  great  part 
determined  by  the  easily  eroded  decomposed  material  forming  the 
canon  walls,  and  this  in  turn  was  brought  about  by  the  slow  processes 
just  described. 

The  evidence  of  the  antiquity  of  the  hot  spring  deposits  is,  perhaps, 
shown  in  an  equally  striking  manner  and  by  a  wholly  different  proc- 
ess of  geological  reasoning.    Terrace  Mountain  is  an  outlying  ridge  of 
the  rhyolite  plateau  just  west  of  the  Mammoth  Hot  Springs.    It  is 
covered  on  the  summit  with  thick  beds  of  travertine,  among  the  eldest 
portions  of  the  Mammoth  Hot  Springs  deposits.    It  is  the  mode  of 
occurrence  of  these  calcareous  deposits  from  the  hot  waters  which 
has  given  the  name  to  the  mountain.    Lying  upon  the  surface  of 
this  travertine  on  the  top  of  the  mountain  are  found  glacial  bowlders 
brought  from  the  summit  of  the  Gallatin  Eange,  fifteen  miles  away, 
and  transported  on  the  ice  sheet  across  Swan  Valley  and  deposited 
on  the  top  of  the  mountain,  700  feet  above  the  intervening  valley.    It 
offers  the  strongest  possible  evidence  that  the  travertine  is  older  than 
the  glacier  which  has  strewn  the  country  with  transported  material. 
How  much  travertine  was  eroded  by  the  ice  is,  of  course,  imix)ssible  to 
say,  but  so  friable  a  material  would  yield  readily  to  glacial  movement. 
Still  another  method  of  arriving  at  the  great  antiquity  of  the  thermal 
energy  and  the  age  of  the  hot  spring  formation  is  by  determining  the 
rate  of  deposition  and  measuring  the  thickness  of  the  accumulated 
sinter.    This  method,  although  the  one  which  would  perhaps  first  sug- 
gest itself,  is  in  my  opinion  by  no  means  as  satisfactory  as  the  geo- 
logical reasoning  already  given.    It  is  unsatisfactory  because  no  uni- 
form rate  of  deposition  can  be  ascertained  for  even  a  single  area,  like 
the  Upper  Geyser  Basin,  audit  is  still  more  difficult  to  arrive  at  any 
conclusion  as  to  the  gi-owth  of  the  sinter  in  the  past.    Moreover,  it  is 
quite  possible  that  heavy  deposits  may  have  suffered  eros\oubeiotft\X\fe 
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present  sinter  was  laid  clown.    It  however  corroborates  other  met"-.i^z: 
ods  and  possesses  the  advantage  of  being  a  direct  way. 

It  may  be  well  to  add  here  that  there  exists  the  greatest  contrs^^v/ 
between  the  deposits  of  .the  Mammoth  Hot  Springs  and  those  foaxr^ 
upon  the  plateau.    At  the  Mammoth  Springs  thoy  are  nearly  pare 
travertine,  with  only  a  trace  of  silica,  analyses  showing  from  95  to  99 
per  cent  of  calcium  carbonate.    On  the  plateau,  the  deposits  consist 
for  the  most  part  of  siliceous  sinter,  locally  termed  "geyserite."   The 
reason  for  the  difference  is  this :   At  the  Mammoth  Hot  Springs  the 
steam,  although  ascending  from  fissures  in  the  igneous  rock,  comes  la 
contact  with  the  waters  found  in  the  Mesozoic  strata,  which  here  form 
the  surface  rocks.     The  Jura  or  Cretaceous  limestones  have  furnished 
the  lime  held  in  solution  and  precipitated  on  the  surface  as  travertine. 
On  the  other  hand,  the  mineral  constituents  of  the  plateau  waters  are 
derived  almost  exclusively  from  the  highly  acidic  lavas,  which,  as  it 
will  be  seen  by  reference  to  the  analyses,  carry  but  a  small  amouDt  of 
lime. 

Deposition  of  sinter  from  the  hot  waters  of  the  geyser  basins  de- 
pends in  a  great  measure  on  the  amount  of  silica  held  in  solution, 
which  varies  considerably  at  the  different  localities  and  may  have 
varied  still  more  in  past  time.  The  silica,  as  determined  by  analyses, 
ranges  from  .22  to  .60  grammes  per  kilogramme  of  water,  the  former 
being  the  amount  found  in  the  water  of  the  caldron  of  the  Excelsior 
Geyser  and  the  latter  at  the  Coral  Spring  in  the  Norris  Basin.  Analysis 
shows  that  from  one-fifth  to  one-third  of  the  mineral  matter  held  in  so- 
lution consists  of  silica,  the  remaining  constituents  being  readily  sola 
ble  salts  carried  off  by  surface  drainage.  A  few  springs  highly  charged 
with  silica,  like  the  Coral,  deposit  it  on  the  cooling  of  the  waters;  but 
such  springs  however  are  exceptional,  and  I  do  not  recall  a  single  in 
stance  of  a  spring  in  the  Upper  Geyser  Basin  precipitating  silica  in  this 
way.  At  most  springs  and  geysers  it  results  only  after  evaporation, 
and  not  from  mere  cooling  of  the  water.  It  seems  probable  that  the 
nature  and  amount  of  alkaline  chlorides  and  carbonates  present  influ- 
ence the  separation  of  silica.  Temperature  also  may  in  some  degree 
infiuence  the  deposition.  My  friend,  Mr.  El  wood  Hofer,  one  of  the  best 
guides  to  this  region  and  a  keen  observer  of  nature,  has  called  my 
attention  to  an  observation  of  his  made  in  mid- winter,  while  on  one  of 
his  snow-shoe  trips  through  the  Park.  He  noticed  that  certain  over- 
flow pools  of  spring  water,  upon  being  frozen,  deposited  a  considerable 
amount  of  mineral  matter.  He  has  sent  me  specimens  of  this  material, 
which,  upon  examination,  proved  to  be  identical  with  the  silica  depos- 
ited from  the  Coi  al  Spring  upon  the  cooling  of  the  water.  Demijohns  of 
geyser  water  which  have  been  standing  for  one  or  two  years  have  failed 
to  precipitate  any  silica.  Quite  recently,  in  experimenting  upon  these 
waters  in  the  laboratory,  it  was  noticed  that  on  reducing  them  nearly 
to^the  freezing  point  no  change  took  place,  but  upon  freezing  the  waters 
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^Uere  was  au  abuudant  sepaiiitioQ  of  free  silica.  The  waters  frozen  in 
this  way  were  collected  from  tlie  Coral  Spring,  Norris  Basin,  and  the 
Taurus  Geyser,  Shoshone  Basin. 

Again,  there  is  no  doubt  that  tlie  algous  growths  found  flourishing 

in  the  hot  waters  of  the  Park  favor  the  secretion  of  silica  and  exert  an 

influence  in  building  up  the  geyserite  far  greater  than  one  would  at 

first  be  led  to  suppose.    These  low  forms  of  vegetable  life  occur  in 

nearly  all  pools,  springs,  and  running  waters,  up  to  a  temperature  of 

1850  F.  (only  L3o  below  the  boiling  point),  at  the  Upper  Geyser  Basin. 

If  time  permitted,  much  might  be  said  on  this  subject.     I  will  only  add 

that  Mr.  Walter  H.  Weed,  in  connection  with  his  other  duties  on  the 

Geological  Survey,  has  devoted  much  time  to  a  study  of  these  algous 

growths,  and  the  results  of  his  investigations  will  form  an  important 

chapter  in  the  flnal  publications. 

Several  methods  have  been  devised  for  ascertaining  the  growth  of 
deposition  of  the  geyserite.  One  way  is  by  allowing  the  water  to 
trickle  over  twigs,  dried  grasses,  or  almost  anything  exposing  consid- 
erable surface,  and  noting  the  amount  of  incrustation.  This  way 
gives  the  most  rapid  results,  but  is  far  from  satisfactory  and  by  no 
meiins  reproduces  the  conditions  existing  in  nature.  Other  methods 
employed  are  placing  objects  on  the  surface  of  the  water  or,  still 
better,  partially  submerging  them  in  the  hot  pools,  or  again  by  allow- 
ing the  water  to  run  down  an  inclined  plane  with  frequent  intervals 
for  evaporation  and  concentration. 

The  vandals  who  delight  to  inscribe  their  names  in  public  places 
have  invaded  the  geyser  basins  in  large  numbers  and  left  their 
addresses  upon  the  geyserite  in  various  places.  It  is  interesting  to 
DOte  how  quickly  these  inscriptions  become  indelible  by  the  deposition 
of  the  merest  film  of  silica  upon  the  lead-pencil  marks,  and,  at  the 
same  time,  how  slowly  they  build  up.  Names  and  dates  known  to  be 
six  and  eight  years  old  remain  perfectly  legible,  and  still  retain  the 
color  and  luster  of  the  graphite.  That  there  is  some  increase  in  the 
thickness  of  the  incrustation  is  evident,  although  it  grows  with 
incredible  slowness.  Mr.  Weed  tells  me  that  he  has  been  able,  in  at 
least  one  instance,  to  chip  off  this  siliceous  ttlm  and  reproduce  the 
writing  with  all  its  original  distinctness,  showing  conclusively  that  a 
slow  deposition  has  taken  pla<5e.  Pencil  inscriptions  upcm  the  sili- 
ceous sinter  at  Uotomahana  Lake,  in  New  Zealand,  are  said  to  be 
legible  after  the  lapse  of  twenty  or  thirty  years.  It  is  easy  to  see 
that  various  ingenious  devices  might  be  planned  to  estimate  the  rate 
of  dei>08ition,  but  in  my  opinion  none  of  them  equal  a  close  study 
of  the  conditions  found  in  nature,  especially  where  investigations  of 
this  kind  can  be  watched  from  year  to  year.  All  observations  show 
an  exceedingly  slow  building  u[)  of  the  geyserite  formation.  This  is 
well  seen  in  the  repair  going  on  where  the  rims  surrounding  the  hot 
pools  have  been  broken  down,  and  where  it  might  be  supposed  that 
H.  Mis.  114 10 
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the  building-up  process  was  under  the  most  favorable  conditions;  yel 
in  a  number  of  instances,  I  can  see  no  appreciable  change  in  three  (m^  r 
four  years.      Revisiting  hot  springs   in   out-of-the-way  places  aft^^s^r 
several  years'  absence,  I  am  surprised  to  see  that  objects  that  I  bsu^ 
noted  carefully  at  the  time  remain  unchanged.    Taking  the  eiitimr* 
area  of  the  IJ[)per  Geyser  Basin  covered  by  sinter,  I  believe  that  Umc 
development  of  the  deposit  does  not  exceed  one-tliirtieth  of  an  inch   ii 
year,  and  this  estimate  I  believe  to  be  much  nearer  the  maximum  thaii 
the  minimum  rate  of  growth.     The   thickness  of  the  geyserite  has 
never  been  ascertained;  the  greatest  thickness  measumd  is  70  feet, 
the  depth  reached  in  the  conduit  of  Old   Faithful  geyser,  without 
meeting  any  obstruction.    Supposing  the  deposit  around  the  Cattle 
geyser  to  have  been  built  up  with  the  same  slowness  as  observed 
to-day,  and  assuming  it  to  grow  at  the  rate  given — one-thirtieth  of 
an  inch  a  year — it  would  require  over  twenty-five  thousand  years  ix> 
i*each  its  present  development.    This  gives  us  a  great  antiquity  for  tb« 
geyserite,  but  I  believe  that  the  deposition  of  the  siliceous  sinter  in 
the  Park  has  been  going  on  for  a  still  longer  period  of  time.    It  is 
certain  that  the  decomposition  of  the  rhyolite  of  the  plateau  dat©B 
still  further  back. 

From  a  geological  point  of  view,  there  is  abundant  oidence  that  thei^- 
mal  energy  is  gradually  becoming  extinct.  Tourists  re- visiting  the  Parl^ 
after  an  absence  of  two  or  three  years  occasionally  allude  to  the  springs 
and  geysers  as  being  less  active  than  formerly  and  as  showing  indict' 
tions  of  rapidly  dying  out.  It  is  true  that  slight  changes  are  con- 
stantly taking  place,  that  certain  springs  become  extinct  or  dischargo 
less  water,  but  this  action  is  fully  counterbalanced  by  increased  activity 
in  other  localities.  Close  examination  of  the  source  of  the  thermiJ*! 
waters  fails  to  detect  any  diminution  in  the  supply.  •  Moreover,  it  stands 
to  reason  that  if  the  flow  of  these  waters  dated — geologically  speaking — 
far  back  into  the  past,  the  few  years  embraced  within  the  historical 
records  of  the  Park  would  be  unable  to  indicate  any  perceptible  change 
based  upon  a  gradual  diminution  of  the  heat.  Accurate  descriptions 
of  the  region  go  back  only  to  1871,  the  year  of  the  first  exploration  by 
Dr.  F.  V.  Havden. 

The  number  of  geysers,  hot  springs,  mud-pots,  and  paint-pots  scj^^' 
tered  over  the  Park  exceeds  3,500,  and  if  to  these  be  added  the  fumarotes 
and  solfataras  from  which  issue  in  the  aggregate  enormous  volumes  c>^ 
steam  and  acid  and  sulphur  vapors,  the  number  of  active  vents  woul^i 
in  all  probability  be  doubled.  Each  one  of  these  vents  is  a  center  r>^ 
decomposition  of  the  acid  lavas.  In  the  four  principal  geyser  basins  tlj»^ 
geysers  in  action — or  known  to  have  been  active  within  the  past  sixtee^^ 
years — numbered  84.  The  following  list  comprises  all  the  geysers  thf»* 
are  known  in  the  Norris,  Lower,  Midway,  and  Upper  Geyser  Basins. 
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NoRKis  Gby»ek  Basin. — 14. 


Fissure, 

Monaircb, 

Veteran, 

Growler, 

Pearl, 

Vixen. 

Hunicane, 

Pebble, 

Minute, 

Scblammkessel, 

Lower  Gkyser  Basin.— 17. 

Great  Fountain, 

Pink  Cone, 

Surprise, 

Impulsive, 

Rosette, 

Wbite  Dome. 

Jet, 

Spasm, 

Mound, 

Spray, 

NarciHSus. 

Steady, 

Midway  Geyskk  Basin. — 4. 


Flood,  Rabbitt, 


Ui'PKR  Okyser  Basin. — 49. 


Tromp* 


Daisy, 

Model, 

Splendid, 

Fan, 

Mortar, 

Sponge, 

Giant, 

Oblong, 

Sponter, 

Giantess, 

Old  Faithful, 

Sprinkler, 

Grand, 

Restless, 

Sprite, 

Grotto, 

Riverside, 

Tardy, 

Infant, 

Rocket, 

Three  Sisters, 

Jewel, 

Saw  Mill, 

Triplets, 

Tiiberty, 

Sentinel, 

Turban, 

Lion, 

Shell, 

White. 

Lioness, 

Spasmodic, 

Mastiff, 

Spanker, 

Midget, 

Spiteful, 

parative  study  of  the  analyses  of  the  fresh  rhyolite,  the  vari- 
sition-proclucts,  and  the  thermal  waters  points  clearly  to  the 
:  the  solid  contents  of  these  waters  are  derived  for  the  most 
n  the  volcanic  rocks  of  the  plateau.  During  the  progress  of 
:  of  the  Geological  Survey  in  the  Yellowstone  Park  there  have 
le(^ted  from  nearly  all  the  more  important  localities  samples  of 
TS,  which  have  been  subjected  to  seanrhing  chemical  analyses 
boratory  of  the  Survey,  by  Messrs.  F.  A.  Gooch  and  J.  E,  Whit- 
3  results  of  whose  work  will  be  published  at  an  early  date. 
Uowing  analyses  of  hot  waters  from  the  three  principal  geyser 
srve  to  show  their  chemical  composition: 
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Silica 

Siilph.  acid 

Cnrboiiic  acid.. 
Boracic  Acid  . . . 
Arscnious  acid 

Chlorine 

Bromine 

Hydr.  aulph 

Oxygen  (basic) 

Iron 

Manganette  — 
Alnminiiun.... 

Calcium 

MagnoHinni  — 

Potas«iain 

iSodiom 

Lithium 

Ammonium . . . . 
H.vdr.(HCl)  ... 

Caesium 

Rubidium 


Constani  Geyser. 


Grams 
per  kilo 
of  water. 


0-4685 

0  0923 

U'JIRS 

0  0317 

0-0018 

0 -5740 

Trace 

None 

0-0048 

Trace 

None 

0-0185 

0  0146 

0-0018 

0  0745 

0-3190 

0-0030 

0-00127 

0*0008 


Percent 
of  total 
matter  in 
solution. 


Hygeia  Spring. 


28*88 
5-69 
0-95 
1-95 

on 

35-30 


Grams 
]>eT  kilo 
of  water. 


114 


Total 


1-62207 


0-29 
0-90 
0*11 
4*60 
19-67 
0-19 
0-08 
0*05 


0-2477 

0  0196 

0-2907 

0-0239 

0  -0034 

0  -2457 

Trace 

None 

0-0504 

None 

None 

0  0036 

0  0064 

0-0022 

0-0154 

0*2654 

0-0032 

0*00021 


Percent 
of  total 
matter  in 
solution. 


Old  Faithful 


Grams 

per  kilo 

of  water. 


Pcrc 

of  to 

matt< 

solut 


20-96 
1-65 

24-62  : 
2*02  [ 
0*29  I 

21*06 


4-27 


100*00 


1  -18081 


0-31 
0-54 
0*19 
1-30 
22*48 
0-27 
0-02 


100-00 


0-3828 
0  -0152 
0-0894 
0*0148 
0-0021 
0-4391 
0-0034 
0-0002 
0-0419 
Trace 
Trace 
0*0009 
0-0015 
0-0006 
0*0267 
0*3066 
0*0056 
0-00001 


27 
1 
( 
1 
( 

3] 
( 
( 


( 
( 
( 

] 


Trace 
Tratie 


1*39081 


I 


lOi 


Constant  Geyser,  Norris  Geyser  liasin.  Date  or  collection,  September  13,  1885;  tempei 
F.;  reaction,  slightly  acid;  specific  gravity,  1*0011. 

Hygeia  Spring,  Lower  Geyser  Basin.  Date  of  collection,  September  11, 1885:  temperatu 
reaction,  alkaline;  specific  gravity,  1-0010. 

Ola  FaithAil  Geyser,  Upper  Geyser  Basin.  l)at«  of  collection,  September  1, 1884;  tempei 
F.;  reaction,  alkaline;  specific  gravity,  1-00096. 

They  are  all  siliceous  alkaline  waters  holding  the  same  mine 
stituents,  but  in  varying  quantities.  Silica  forms  the  principal 
not  only  immediately  around  the  springs,  but  over  the  entire 
the  basins.  The  carbonates,  sulphates,  chlorides,  and  traces  < 
easily  soluble  salts  are  carried  off  in  the  waters.  Oxides  of  i 
manganese  and  occasionally  some  calcite  occur  under  certaii 
tions  in  the  cauldrons  of  the  hot  springs  or  immediately  arou 
vents.  Concentrations  from  large  quantities  of  these  waters 
show  the  presence  of  even  a  trace  of  copper,  silver,  tin  or  othe 
Nearly  all  the  waters  carry  arsenic,  the  amount  present,  accoi 
]Vlessr8.  Gooch  and  Whitfield,  varying  from  .02  to  .25  per  cen 
mineral  matter  in  solution. 

Among  tlie  incrustations  found  at  several  of  the  hot  sprii 
geysers  is  a  leek-green  amorphous  mineral,  which  proves  on  in 
tion  to  be  scorodite,  a  hydrous  arseniate  of  iron.  The  best  occ 
observed  is  at  Joseph's  Coat  Springs,  on  the  east  side  of  th< 
Canon  of  the  Yellowstone,  where  it  occurs  as  a  coating  upon 
ceous  sinter  lining  the  cauldron  of  a  boiling  spring.    Analysi 
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a  neiurly  pure  scorodite,  agreciug  closely  with  the  theoretical  comiiosi- 
tioii : 

Ferric  oxide 34.94 

Arsenic  acid 48. 79 

Water 16.27 


100.00 


Alteration  of  the  scorodite  iuto  liinonite  takes  plaee  readily,  which 
ill  turn  uudergoes  disintegration  by  the  wearing  of  the  water,  and  is 
mechanically  carried  away.  So  far  as  I  know  this  is  the  only  occur- 
rence where  scorodite  has  been  recogmzed  as  deposited  from  the 
waters  of  thermal  springs.  Although  i)ure  scorodite  is  only  sjmringly 
preserved  at  a  few  localities  in  the  Yellowstone  Park,  it  is  easily  recog- 
nized by  its  characteristic  green  color,  in  strong  contrast  with  the 
white  geyserite  and  yellow  and  red  oxides  of  iron.  After  a  little 
practice  the  mineral  green  of  scorodite  is  not  easily  mistaken  for  the 
vegetable  green  of  the  algeous  growths.  The  latter  is  associated  every- 
where with  the  hot  waters,  while  the  former,  an  exceedingly  rare  min- 
eral, is  obtained  only  in  small  quantities  after  diligent  search.  In 
America  traces  of  arsenic  have  been  reported  from  several  springs  in 
Virginia,  and  quite  recently  sodium  arseniate  has  been  detected  in  the 
hot  springs  of  Ashe  County,  N.  C.  Arsenical  waters  of  sufficient 
strength  to  be  beneficial  for  remedial  purposes  and  not  otherwise 
deleterious  are  of  rare  occurrence.  In  France  the  curative  properties 
of  arsenical  waters  have  long  been  recognized,  and  the  famous  sani- 
tarinm  of  La  Bourboule  in  the  volcanic  district  of  the  Auvergne  has 
achieved  a  wide  reputation  for  the  efficacy  of  its  waters  in  certain 
forms  of  nervous  diseases.  Hygeia  Springs,  supplying  the  bath  houses 
at  the  hotel  in  the  Lower  Geyser  Basin,  carries  .3  of  a  grain  of  sodium 
arseniate  to  the  gallon.  The  Yellowstone  Park  waters,  while  they 
carry  somewhat  less  arsenic  than  those  of  La  Bourboule,  greatly  excel 
tht*  latter  in  their  enormous  overflow.  It  is  stated  that  the  entire 
discharge  from  the  springs  of  La  Bourboule,  amounts  to  1,500  gallons 
P^r  minute.  The  amount  of  hot  water  brought  to  the  surface  by  the 
hot  springs  throughout  the  park  is  by  no  means  easily  determined, 
althongh  during  the  progress  of  our  investigations  we  hoi)e  to  make 
*^  approximate  estimate.  Some  idea  of  the  amount  of  hot  water 
bronght  to  the  surface  and  carried  off  by  the  great  drainage  channels 
"^ay  be  formed  at  the  Midway  Basin.  According  to  the  most  accurate 
"measurements  which  could  be  made,  the  discharge  from  the  caldron 
of  the  Excelsior  Geyser  into  the  Firehole  River  during  the  i)ast  sea- 
^^  amounted  to  4,400  gallons  of  boiling  water  per  minute,  and  there 
^*  no  evidence  that  this  amount  has  varied  within  the  last  two  or  three 
years.  The  sample  of  the  Excelsior  Geyser  water  collected  August 
.  '  1884,  yielded  .19  grains  of  sodium  arseniate  to  the  gallon.  It  is 
^possible  to  say  as  yet  what  curative  properties  thefe^  \>wck\?^\«w» 
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may  possess  in   alleviating  the  ills  of  mankind.      Nothing  hut 
extended  experience  under  proper  medieal  supervision  can  determi 
I  may  say  that  no  liot  springs  with  which  I  am  acquainted  prov< 
delightful  for  bathing  purposes  and  so  agreeable  in  their  action  u 
the  skin. 

Changes  modifying  the  surface,  features  of  the  park  in  recent  ti 
are  mainly  those  brought  about  by  the  filling  up  with  detrital  mate 
from  the  mountains,  the  valleys  and  depressions  worn  out  by  glacial 
and  those  produced  by  the  prevailing  climatic  conditions.  Between 
park  country  and  what  is  known  as  the  arid  regions  of  the  West  tl 
is  the  greatest  possible  contrast.  Across  the  park  plateau  and 
Absaroka  range  the  country  presents  a  continuous  mountain  n 
75  miles  in  width,  with  an  average  elevation  unsurpassed  by  any  j 
of  equal  extent  in  the  northern  Kocky  Mountains.  It  is  exception 
situated  to  collect  the  moisture-laden  clouds,  which  coming  from 
southwest  precipitate  immense  quantities  of  snow  and  rain  upon 
cooled  table-land  and  neighboring  mountains.  The  climate  in  m 
respects  is  quite  unlike  that  found  in  the  adjacent  country,  a 
shown  by  the  meteorological  records,  the  amount  of  snow  and  rail 
being  higher,  and  the  mean  annual  temperature  lower,  liain  sto 
occur  frequently  throughout  the  summer,  while  snow  is  quit«  likel 
fall  any  time  between  September  and  May.  Protected  by  the  for 
the  deep  snows  of  winti^r  lie  upon  the  plateau  well  into  mid-sumi 
while  at  still  higher  altitudes,  in  sheltered  places,  it  remains  througl 
the  year.  By  its  topographical  structure  the  park  is  designed 
nature  as  a  reservoir  for  receiving,  storing,  and  distributing  an  ext 
tional  water  supply,  unexcelled  by  any  area  near  the  head-waters  of 
great  continental  rivers.  The  Continental  Divide,  separating 
waters  of  the  Atlantic  from  those  of  the  Pacific,  crosses  the  i 
plateau  from  southeast  to  northwest.  On  both  sides  of  this  divide 
several  large  bodies  of  water  whic^h  form  so  marked  a  future  in 
scenery  of  the  plateau  that  the  region  has  been  designated  the  1 
country  of  the  park.  Yellowstone  Lake,  the  largest  lake  in  N( 
America  at  this  altitude  (7,740  feet)  and  one  of  the  largest  in  the  w< 
at  so  high  an  elevation  above  sea-level,  presents  a  superficial  are 
139  square  miles,  and  a  shore-line  of  nearly  100  miles.  From  measi 
ments  made  near  the  outlet  of  the  lake  in  September,  1886,  the  dr 
period  of  the  year,  the  discharge  was  found  to  be  1,525  cubic  feet 
second,  or  about  34,0(K),000  imperial  gallons  per  hour. 

At  the  same  time  all  the  principal  lakes  and  streams  in  the  p 
were  carefully  gauged.  Dr.  William  Hallock,  who  undertook  this  w< 
estimated  that  the  amount  of  water  running  into  the  park  and  lea\ 
it  by  the  Yellowstone,  Gallatin,  Madison,  Snake,  and  Falls  rivers, 
five  main  drainage  channels,  would  be  equivalent  to  a  stream  5 
deep,  190  feet  wide,  with  a  current  of  3  miles  per  hour,  and  that  c 
an  area  of  4,00(i^  square  miles  the  minimum  discharge  was  equal  i 


GEOLOGICAL   HISTORY   OF   THE   YELLOWSTONE   PARK.       161 

cubic  foot  per  second  per  square  mile.    For  tlie  preservation  and  regu- 
lation of  this  water  supply  the  forest,  wliicli  covers  the  mountains, 
valleys,  and  table-lands,  and  everywhere  borders  upon  the  lake  shores, 
is  of  inestimable  value.    Of  the  present  park  area  about  84  per  cent  is 
fore«t  clad,  almost  wholly  made  up  of  coniferous  trees.    The  timber  is 
by  no  means  of  the  finest  quality,  but  for  the  purpose  of  water  protec 
tioii  it  meets  every  x>ossible  requirement.    Much  has  been  said  of  late 
years  by  scientific  and  experienced  i^ersons  of  the  great  necessity  of 
preserving  the  forests  near  the  sources  of  our  great  rivers.    It  is  mainly 
for  the  forest  protection  that  the  proposed  enlargement  is  demanded 
by  the  public  welfare.    In  my  opinion  no  region  in  the  Eocky  Mount- 
ains is  so  admirably  adapted  for  a  forest  reservation  as  the  Yellowstone 
National  Park. 
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By  Arnold  Hague, 

r/.  .S'.  Geologival  Survey, 


e  Buffalo  meeting,  October,  1888,  Dr.  Eaymond  presented  a 
lutitled  "  Soaping  Geysers,''  in  which  lie  called  attention  to  the 
oap  by  tourists  to  cause  eruptions  of  several  of  the  well-known 
in  the  Yellowstone  l*ark.  Incorporated  in  this  paper  ai)pears 
anication  received  from  me,  written  from  camp  in  the  park,  in 
•  some  inquiries  on  the  subject.  The  letter  discussed  somewhat 
;he  means  employed  by  visitors  to  the  park  to  hasten  the  erup- 
)m  hot  springs  and  reservoirs  of  hot  wat^r,  which  remain  dor- 
T  days,  or  even  weeks  or  months,  at  a  temperature  near  the 
point,  without  any  display  of  geyser-action.  As  the  paper  has 
brth  considerable  comment,  1  desire  to  elucidate  one  or  two 
n  relation  to  the  temj)erature  of  the  springs,  and  to  answer 
)uiries  about  the  composition  of  the  thermal  waters. 
d  summer  of  1885,  a  Chinaman,  employed  as  a  laundryman  for 
dmmodation  of  the  tourists  at  the  Upper  Geyser  Basin,  acci- 
discovered,  much  to  his  amazement,  that  soap  thrown  into  the 
from  which  he  was  accustomed  to  draw  his  supply  of  water 
d  an  eruption  in  every  way  similar  to  the  actual  workings  of 
r.  Tourists,  with  limited  time  at  their  command,  who  had 
i  thousands  of  miles  to  look  upon  the  wonders  of  the  Yellow- 
>on  fell  into  the  way  of  coaxing  the  laundryman's  spring  into 
to  partly  compensate  them  for  their  sore  disappointment  in 
ng  only  the  periodical  erui>tion8  of  Old  Faithful.  Successful 
s  upon  this  spring  soon  led  to  various  endeavors  to  accelerate 
I  the  dormant  and  more  famous  geysers.  In  a  short  time,  so 
became  the  desire  to  stimulate  geysers  in  this  way,  that  the 
thorities  were  compelled  to  enforce  rigidly  the  rule  against 
J  objects  of  any  kind  into  the  springs. 

mection  with  a  thorough  investigation  of  the  thermal  waters 
Tellowstone  Park  and  the  phenomena  of  the  geyers,  1  under- 
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took  a  uiimber  of  experiments  to  ascertain  the  actiou  of  soap  upon  the 
waters  and  to  determine,  if  possible,  those  physical  conditions  of 
various  pools  and  reservoirs  which  permitted  the  hastening  of  an  erup 
tion  by  the  employment  of  any  artificial  methods.  This  investigation, 
conducted  from  time  to  time,  as  opi>ortunity  offered,  throughout  the 
field-season  of  1885,  included  experiments  upon  the  geysers  and  hot 
springs  of  the  Upper,  Lower,  and  Norris  geyser  basins.  The  results 
proved,  beyond  all  question,  that  geyser-action  cx)uld  be  forced  in  a 
number  of  ways,  but  most  conveniently  by  the  application  of  soap. 
The  greater  part  of  the  more  powerful  geysers  undergo  no  jierceptible 
change  with  a  moderate  use  of  soap,  although  several  of  them  may, 
under  favorable  physical  conditions,  be  thrown  at  times  into  violent 
agitation.  In  most  of  the  experiments,  Lewis's  concentrated  lye,  put 
up  in  one-half  i^ound  cans  for  laundry  purposes,  was  employed.  Each 
piickage  furnished  a  strong  alkali,  equivalent  to  several  bars  of  soap. 
In  tliis  form  alkali  is  more  easily  handled  than  in  bars  of  soap,  more 
especially  where  it  is  required  to  i)roduce  a  viscous  fluid  in  the  larger 
reservoirs ;  and,  in  conducting  a  series  of  experiments  for  comparative 
purposes,  it  seemed  best,  in  most  instances,  to  employ  the  same  cigent 
to  bring  about  the  desired  results. 

Old  Faithful,  the  model  geyser  of  the  park,  exhibits  such  marked 
regularity  in  its  workings  that  attempts  to  hasten  its  action  appeal 
futile.  The  interval  between  eruptions  is  about  sixty-five  minutes, 
and  rarely  exceeds  the  extreme  limits  of  fifty -seven  and  seventy-twc 
minutes.  After  an  eruption  of  Old  Faithful,  the  reservoir  fills  uf 
gradually;  the  water  steadily  increases  in  temperature;  and  conditions 
favorable  to  another  eruption  are  produced  under  circumsta^nces  pre 
cisely  similar  to  those  which  have  brought  about  the  displays  for  th< 
past  eighteen  years,  or  as  far  back  as  we  have  authentic  records.  Tin 
few  experiments  which  have  been  made  upon  Old  Faithful  are  iusuflB 
cient  to  afford  any  results  bearing  on  the  question ;  but  it  seems  probs 
ble  that  soon  after  the  water  attains  the  necessary  temperature  a 
eruption  takes  place. 

Of  all  the  powerful  geysers  in  the  park,  the  Bee-Hive  offers  tl 
most  favorable  cxmditions  for  producing  an  eruption  by  artificial  mean 
all  the  more  striking  because  the  natural  displays  are  so  fitful  tb 
they  can  not  be  predicted  with  any  degree  of  certainty.  Observation 
extending  over  a  period  of  several  years,  have  failed  to  determine  aJ 
established  law  of  periodicity  for  the  Bee-Hive,  even  for  tliree  or  fo' 
consecutive  months,  although  they  indicate  that  some  relationship  ms 
exist  between  its  display  and  those  of  the  famous  Giantess.  Frequent 
the  Bee-Hive  will  play  several  times  a  day  and  then  become  dormai' 
showing  no  signs  of  activity  for  weeks  and  months,  although  the  wat> 
may  stand  above  the  boiling-point  the  greater  part  of  the  time.  Tl 
name  Bee-Hive  was  suggested  by  the  symmetry  of  the  cone  bai 
around  the  yent    It  rises  about  4  feet  above  the  sloping  mound  < 
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geyserite,  and  in  cross-section  measures  about  3  feet  at  the  top,  while  at 
the  bottom  of  the  cone  the  vent  is  less  than  10  inches  in  width.  From 
the  top  of  this  narrow  vent  it  is  only  possible  to  sink  a  weight  17  feet 
before  striking  a  projecting  ledge,  which  interferes  with  all  examina- 
tion of  the  ground  below.  The  constant  boiling  and  bubbling  of  the 
water,  the  irregularity  of  its  action,  and  t  he  convenient  location  of  the 
geyser,  within  an  easy  walk  from  the  hotel,  make  attempts  to  acceler- 
ate the  eruptions  of  the  Bee-IIive  most  attractive  to  tourists. 

In  most  instances  such  efforts  are  futile  5  yet  success  does  so  fre- 
quently reward  the  astonished  traveller  that,  unless  the  geyser  were 
carefully  watched  by  the  authorities,  attempts  would  be  ma<le  daily 
throughout  the  season.  If  the  conditions  are  favorable  to  an  eruption, 
it  usually  takes  place  in  from  ten  to  twenty-five  minutes  after  the  addi- 
tion of  laundry  soap  or  lye.  It  is  doubtful  if  more  than  two  eruptions 
of  the  Bee-Hive  have  ever  been  produced  on  the  same  day  by  artifi- 
cial means,  although  I  know  of  no  reason,  based  upon  the  structure 
of  the  geyser,  why  more  displays  might  not  be  obtained,  for  the 
reservoir  and  vent  fill  up  with  boiling  water  very  rapidly  after  each 
eruption. 

Although  the  Giantess  is  situated  only  400  feet  from  the  Bee- 
Hive,  these  two  differ  in  surface  and  under-ground  structure  and 
ffiode  of  action  as  widely  as  any  two  of  the  more  prominent  geysers 
of  the  Park.  Around  the  Giantess  no  cone  or  mound  has  formed. 
Tlie  broad  basin  is  only  partially  rimmed  in  by  a  narrow  fringe 
of  siliceous  sinter,  rising  above  and  extending  out  over  the  deep 
blue  water.  At  the  surface  this  basin  measures  about  15  to  20  feet 
iu  width  by  20  to  30  feet  in  length.  It  has  a  funnel-shaped  caldron, 
30  feet  in  depth,  ending  .in  a  vertical  vent  or  neck,  12  feet  deep, 
through  which  a  sounding-lead  may  be  dropped  into  a  second  reservoir, 
meeting  a  jirojecting  ledge  or  obstruction  of  some  kind,  61  feet  below 
the  surface.  After  an  outburst  of  the  Giantess,  the  basin,  which  has 
^n  completely  emptied  of  its  water,  gradually  fills  again  to  the 
^> ;  and,  for  days  before  another  eruption,  a  steady  stream  of  hot 
^ater  overflows  the  brim.  The  intervals  between  the  eruptions  of  the 
Giantess  vary  from  twelve  to  twenty  days,  and  the  displays  last  sev- 
eral hours,  being  unsurpassed  for  violence  and  grandeur  by  any  geyser 
*'»  the  Upper  Basin.  Artificial  means  have  never  been  successful  in 
hriugiiijr  tiii,s  geyser  into  action,  although,  for  days  before  an  erup- 
l^wi,  it  is  an  easy  matter  to  cause  an  agitation  of  the  water  by  throw- 
^^*g  into  the  basin  small  pieces  of  sinter,  or  to  produce  a  boiling  on 
the  surface,  lasting  several  minutes,  by  simply  stirring  the  water  with 
a  8tick. 

The  Giant,  one  of  the  most  violent  of  the  geysers  in  the  IJppek* 
'^*«in,  more  closely  resembles  the  Bee-Hive  than  any  other  of  those 
«loug  the  Firehole  River.  It  has  built  up  a  cone  10  feet  in  height, 
^^^  side  of  which  has  been  partly  broken  down  by  some  eruption  more 
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violent  than  any  witnessed  at  the  present  day.  Through  this  notche 
side,  steam  and  broken  jets  of  water  are  constantly  emitted ;  and  o 
this  account  but  little  examination  has  been  msule  of  the  undergroau 
reservoirs  and  vents.  The  Giant  is  fitful  in  its  action,  at  times  playin 
with  considerable  regularity  every  fourteen  days,  and  at  other  tinw 
lying  dormant  for  nearly  a  year.  1  have  no  po;3itive  knowledge  tht 
an  eruption  of  the  Giant  hds  ever  been  produced  by  any  other  tha 
natural  causes.  At  the  time  of  my  exi)eriments  no  eruption  of  tli 
Giant  had  taken  place  for  several  months,  although  the  water  wa 
constantly  agitated,  so  much  so  that  it  was  quite  imix>saible  to  exan 
iue  the  vent  with  any  satisfactory  results.  The  only  effect  produce 
by  the  application  of  lye  was  additional  height  to  the  column  of  wat^ 
thrown  out  and  a  decided  increase  in  the  thumping  and  violence! 
the  boiling. 

In  the  Lower  Basin,  the  Fountain  has  been  more  cai*efully  studie 
than  the  other  geysers  ;  and,  its  action  and  periodicity  of  eruptioij 
having  been  fairly  well  ascertained,  it  afforded  the  most  favorabi 
conditions  for  observing  the  action  of  soap  and  lye  upon  the  water 
In  its  general  structure  the  Fountain  belongs  to  the  type  of  tli 
Giantess,  having  a  funnel-shaped  caldron  which,  long  before  a 
eruption,  overflows  into  an  adjoining  ba«in.  At  the  time  of  my  e: 
periments  upon  the  Fountain,  the  intervals  between  eruptions  laste 
about  four  hours.  This  interval  allowed  sufficient  time  to  note  an 
changes  which  might  take  place.  My  own  experiments  with  I5 
yielded  no  positive  results  ;  although  it  seemed  highly  probable  thi 
action  might  be  hastened  by  the  application  of  soap  or  lye  just  befoi 
the  time  for  an  eruption,  or  when,  for  some  cause,  the  erux^tion  va 
overdue.  1  preferred  to  make  the  attempt  to  bring  about  an  explosi( 
before  the  usual  time,  only  waiting  until  the  water  in  the  pool  h 
nearly  reached  the  boiling-point.  All  experiments  failed.  The  pi 
vious  year,  when  wishing  to  produce  action  for  the  purpose  of  photc 
raphy,  I -was  enabled  to  a(!complish  the  desired  result  by  vigorous 
stirring  with  a  slender  pole,  the  water  near  the  top  of  the  vent  cc 
necting  with  the  lower  reservoir.  In  this  instance,  it  should  be  sa 
the  usual  interval  of  time  between  erui>tion8  had  long  since  passe 
the  geyser  was,  so  far  as  time  was  concerned,  a  half-hour  overdi 
My  opinion  now  is  that  the  experiments  with  lye  failed  because  t 
temperature  had  scarcely  reached  the  boiling-point. 

The  Monarch,  in  the  Nonis  Basin,  is  quite  unlike  those  alrea< 
described,  and  affords  evidence  of  being  a  much  newer  geyser.  It 
formed  by  two  convergent  fissures,  on  the  line  of  a  narrow  seam  in  tl 
rhyolite,  probably  coming  together  below  the  surface.  The  main  ve 
measures  about  20  feet  in  length  and,  at  the  surface,  3  feet  in  widi 
But  slight  incrustation  is  found  around  the  vent,  the  conditions  11 
being  favorable  to  deposition.  In  this  narrow  fissure  th^  water,  whi 
ordinarily  stands  about  15  feet  below  the  surface,  constantly  sarg 
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and  boils,  except  immediately  after  an  eruption.  The  intervals  be- 
tween eraptions  vary  somewhat  from  year  to  year;  but  at  the  time  of 
these  experiments  the  action  was  fairly  regular,  the  geyser  playiug 
every  four  hours.  I  was  successful  in  obtaining  an  eruption  quite  equal 
to  the  natural  displays,  which  throw  a  column  of  water  50  feet  into 
the  air.  Here  at  the  Monarch  there  is  no  surface  reservoir,  and  the 
narrow  fissure,  filled  with  loose  blocks  of  rocks  around  which  the 
water  is  in  constant  agitation,  prevents  all  measurements  of  depth. 

The  results  of  the  many  expetiments,  not  only  upon  active  geysers 
but  upon  a  large  number  of  hot  springs,  determine  fairly  well  the 
essential  conditions  which  render  it  possible  to  bring  about  geyser 
action  by  artificial  means.  Negative  results  are  frequently  as  valuable 
for  this  inquiry  as  experiments  yielding  imposing  displays. 

Outside  of  a  few  exceptional  instances,  which  could  not  be  repeated, 
and  in  which  action  was  probably  only  anticipated  by  a  few  minutes 
in  time,  geyser  eruptions  produced  by  soap  or  alkali  appear  to  demand 
two  essential  requirements:  First,  the  surface  caldron  or  reservoir 
should  hold  but  a  small  amount  of  water,  exposing  only  a  limited  area 
to  the  atmosphere;  second,  the  water  should  stand  at  or  above  the 
boiling  point  of  water  for  the  altitude  of  the  geyser  basin  above  sea 
level  The  principal  factor  which  makes  it  possible  to  cause  an 
eruption  artificially  is,  I  think,  the  super-heated  and  unstable  condi- 
tion of  the  surface  waters.  Many  of  the  geysers  and  hot  springs  pre- 
sent singular  phenomena  of  pools  of  water  heated  above  the  theoret- 
ical boiling  point,  and,  unless  disturbed,  frequently  remain  so  for 
many  days  without  exhibiting  any  signs  of  ebullition.  It  may  not  be 
easy  to  describe  accurately  these  super-heated  waters;  but  anyone 
who  has  studied  the  hot  springs  and  pools  in  the  Park  and  carefully 
noted  the  temperatures,  quickly  learns  to  recognize  the  peculiar  ap- 
pearance of  these  basins  when  heated  above  the  boiling  point.  They 
look  as  if  they  were  "ready  to  boil,"  except  that  the  surface  remains 
placid,  only  interrupted  by  numerous  steam-bubbles,  rising  through 
^he  water  from  below  and  bursting  quietly  upon  reaching  the  surface. 

Marcet,  the  French  physicist,  has  specially  investigated  the  phenom- 
ena of  super-heated  waters,  and  has  succeeded  in  attaining  a  tempera- 
^re  of  1050  C.  before  ebullition.  Super-heated  waters  in  nature,  how- 
ever, appear  to  have  been  scarcely  recognized,  except  during  the  prog- 
^s  of  the  work  in  the  Yellowstone  Park,  in  connection  with  a  study 
<>f  the  geysers.  The  altitudes  of  the  geyser  basins  above  sea-level 
"ave  been  ascertained  by  long  series  of  barometric  readings,  contin- 
ued through  several  seasons.  In  conducting  a  series  of  observations 
^pon  the  boiling  points  of  the  thermal  waters  in  the  Park,  Dr.  Wil- 
liam Hallock,  who  had  charge  of  this  special  investigation,  deter- 
mined the  theoretical  boiling-point  by  noting  the  mean  daily  readings 
^^  the  mercurial  column.  The  exact  boiling-point  of  a  pure  surface- 
^^ater,  obtained  from  a  neighboring  mountain  stream  and  the  boiling- 
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point  of  the  thermal  waters  from  the  springs,  were  determined  from 
actual  experiments  by  heating  over  a  fire,  employing  every  possible 
precaution  to  avoid  sources  of  error.  Surface  waters  and  deep-seated 
mineral  waters  gave  the  same  results,  and  coincided  with  the  calcu- 
lated boiling-point  at  this  altitude.  Hundreds  of  observations  have 
been  carefully  taken  where  the  waters  in  the  active  and  running 
springs  boiled  at  temperatures  between  198°  and  199°  F. 

As  will  be  shown  later  in  this  paper,  the  thermal  waters  are  sola. 
tions  of  mineral  matter  too  dilute?  to  be  affected  to  any  appreciable 
extent  as  regards  their  boiling-i)oint  by  their  dissolved  contents.  Tbe 
theoretical  boiling-point  for  the  springs  and  pools  in  the  Upper  Geyser 
Basin  may  be  taken  at  92.5o  C.  (198.5  F.).  In  many  of  the  large  oal 
drons,  where  the  water  remains  quiet,  a  temperature  has  been  recorded 
of  940  C.  (201.20  F.)  without  the  usual  phenomena  of  boiling.  This 
gives  a  body  of  superheated  water,  with  a  temperature  at  the  surface 
1.50  0.  (2.70  F.)  above  the  point  necessary  to  produce  explosive  action, 
Thermometers  plunged  into  the  basins  show  slightly  varying  tempera- 
tures, dependent  upon  their  position  in  the  basin.  They  indicate  tbe 
existence  of  numerous  currents,  and  a  very  unstable  equilibrium  ol 
the  heated  waters,  which  are  liable,  under  slight  changes,  to  burst 
forth  with  more  or  less  violence.  I-t  is  under  these  conditions  that  geysei 
action  can  be  accelerated  by  artittcial  means.  If  into  one  of  these 
super-heated  basins  a  handful  of  sinter  pebbles  be  thrown,  or  the  sur 
face  of  the  water  be  agitated  by  the  rapid  motion  of  a  stick  or  cane 
or  even  by  lashing  with  a  rope,  a  liberation  of  steam  ensues.  This  n 
liable  to  be  followed  by  a  long  boiling  of  water  in  the  pool,  which  ir 
turn  may  lead  to  geyser  action.  There  is  some  reason  to  believe  that 
at  least  in  one  instance,  an  eruption  has  been  brought  about  by  a  violeni 
but  temporary  gust  of  wind,  which  either  ruffled  the  water  or  disturbec 
the  equilibrium  of  the  pool,  and  changed  momentarily  the  atmospheri( 
pressure. 

In  Iceland  travellers  have  long  been  accustomed  to  throw  into  th< 
geysers  turf  and  soft  earth  from  the  bogs  and  meadows  which  abouuc 
in  the  neighborhood,  the  eifect  produced  being  much  the  same  as  tha' 
of  sinter  pebbles  and  gravel  upon  the  geysers  in  the  National  Park 
So  well  was  this  understood  that  at  one  time  a  peasant  living  uear  th' 
Iceland  locality  kept  a  shovel  solely  for  the  accommodation  of  thos^ 
visiting  the  geysers. 

In  my  letter  to  Dr.  Raymond  1  mention  the  curious  fai't  that  tl 
Laundryman's  Spring,  now  known  as  the  Chinaman,  in  which  gey^ 
action  may  most  easily  be  produced  by  artificial  means,  has  never  be< 
regarded  by  the  Geological  Survey  as  anything  but  a  hot  spring,  al 
no  one  has  ever  seen  it  in  action  without  the  application  of  soap,  *? 
cept  in  one  instance,  when  it  was  made  to  play  to  a  height  of  20  fe 
after  stirring  it  vigorously  with  a  pine  bough  for  nearly  ten  minut€ 
Xu  our  records  it  is  simply  known  as  a  spring, 
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If  soap  or  lye  is  thrown  into  most  of  the  small  pools,  a  viscous  fluid 
formed;  and  viscosity  is,  I  think,  the  principal  cause  in  hastening 
jyser  action.  Viscosity  must  tend  to  the  retention  of  steam  within 
e  basin,  and,  as  in  the  case  of  the  superheated  waters,  where  the 
mperatui'e  stands  at  or  above  the  boiling  i)oint,  explosive  liberation 
ust  follow.  All  alkaline  solutions,  whether  in  the  laboratory  or  in 
iture,  exhibit,  by  reason  of  this  viscosity,  a  tendency  to  bump  and 
)il  irregularly.  Viscosity  in  these  hot  springs  must  also  tend  to  tlie 
nnation  of  bubbles  and  foam  when  the  steam  rises  to  the  surface, 
id  this  in  turn  aids  to  bring  about  the  explosive  acticm,  followed  by  a 
lief  of  pressure,  and  thus  to  hasten  the  final  and  more  powerful  dis- 
ay.  Of  course  relief  of  pressure  of  the  superincumbent  waters  upon 
eeolumn  of  water  below  the  surface  basin  is  essential  to  all  eruptive 
ition.  These  conditions,  it  seems  to  me,  are  purely  physical.  Uu- 
mbtedly  the  fatty  substances  contained  in  soap  aid  the  alkali  in  ren- 
iriug  the  water  viscous.  On  the  other  hand,  when  concentrated  lye 
used  it  acts  with  greater  energy  and  furnishes  a  viscous  fluid,  where 
ap  would  yield  only  surface  suds  insufficient  to  accomplish  any  phe- 
)iiieDal  display. 

It  is  well  known  that  saturated  solutions  of  mineral  substances 
ise  the  boiling-point  very  considerably,  the  temperature  having  been 
Jtennined  for  many  of  the  alkaline  salts.  In  general,  I  believe  the 
)iling-point  increases  in  proportion  to  the  amount  of  salt  held  in  solu- 
)D.  Actual  tests  have  shown  that  the  normal  boiling-point  of  sili- 
•ons  waters  in  the  Park  does  not  diifer  appreciably  from  the  ordinary 
irface  waters,  mainly,  I  suppose,  because  they  are  extremely  dilute 
lotions. 

The  amount  of  lye  required  to  produce  a  sufficiently  viscous  eondi- 
)ii  of  the  waters  increases  but  slightly  the  percentage  of  mineral 
itter  held  iu  solution. 

All  the  waters  of  the  princii>al  geyser  basins  present  the  closest 
semblance  in  chemical  composition,  and,  for  the  purposes  of  this 
^per,  may  be  considered  as  identical  in  their  constituents.  They  have 
common  origin,  being,  for  the  most  part,  surfiice  waters  which  have 
rcolated  downward  for  a  sufficient  distance  to  come  in  contact  with 
rge  volumes  of  steam  ascending  from  still  greater  depths.  The  min- 
al  contents  of  the  hot  springs  are  mainly  derived  from  the  acid  lavas 
the  Park  plateau,  as  the  result  of  the  action  of  the  ascending  steam 
id  siiper-heated  waters  upon  the  rocks  below.  These  thermal  waters 
e  essentially  siliceous  alkaline  water,  carrying  the  same  constituents 
somewhat  varying  quantities,  but  always  dilute  solutions,  never  ex- 
•^ng  two  grams  of  mineral  matter  per  kilogram  of  water.  When 
>Wthey  are  potable  waters,  for  the  most  part  slightly  alkaline  to  the 
iste,  and  probably  wholesome  enough,  unless  taken  daily  for  a  long 
eriod  of  time. 
The  following  analyses  of  three  geyser  waters,  8ele<;ted  from  the 
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Upper,  Lower,  and  Norris  geyser  basins,  may  serve  to  show  tlie  com- 
position of  all  of  tbem,  the  differences  which  exist  being  equally  well 
marked  in  the  analyses  of  any  two  waters  from  the  same  geyser  basin 
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Bee  Hive  Geyser,  Upper  Geyser  Basin.     Date  of  colleeti(»n.  Stiptember  1,  1884;  temperatore** 
F. ;  reaction,  alkaline;  specific  gravity,  1.0009. 

Fountain  Geyser,  Lower  Geyser  Basin.     Date  of  collection,  August  24,  1884;  temperature  W 
F. ;  reaction,  alkaline;  specific  gravity,  1.0010. 

Fearle>«s  Geyser,  Norris  Geyser  Basin.      Date  of  collection,  .\ugnst  18,  1884;  temperature  1^ 
F.;  reaction  neutral,  specific  gravity,  1.0011. 

The  differences  of  teraperatnie  shown  in  these  three  waters  ^ 
simply  dne  to  the  varying  interval  between  the  time  of  collection  *| 
the  last  preceding  ernption  of  the  geyser.  In  the  case  of  the  Fountar^ 
the  water  rises  in  a  large  open  basin,  which  slowly  fills  up,  increase* 
in  temperature  until  the  time  of  the  eruption,  the  form  of  the  basin  P^ 
mitting  the  collection  of  the  water  two  or  three  hours  before  the  n^ 
outburst.  In  the  case  of  the  Fearless  the  surface  reservoir  is  a  shaU*^^ 
saucer-shaped  basin,  into  which  the  water  seldom  rises  before  attaim^ 
a  temperature  near  the  boiling-point.  At  the  Bee- Hive  the  water  ot^ 
reaches  a  sufficiently  high  level  to  permit  of  its  collection  witb^ 
difficulty  when  the  temperature  stands  at  or  near  the  boiling-point* 

Dr.  Baymoiid  has  made  the  suggestion  that  the  Jiddition  of  caU^ 
alkali  would  possibly  precipitate  some  of  the  mineral  ingredients  fa^ 
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ese  waters,  thereby  changing  their  chemical  composition  suffi- 
ly  to  affect  the  point  of  ebullition.  At  the  same  time  he  remarks 
the  geyser  waters  are  probably  too  dilute  solutions  to  be  much 
iiicetl  by  such  additions.  Anyone  who  glances  at  the  analyses  of 
raters  of  the  Bee- Hive,  Fountiiin,  and  Fearless  must  see,  1  think, 
they  are  not  only  too  dilute  to  undergo  any  marked  change  of 
erature,  but  that  the  mineral  constituents  consist  mainly  of  the 
mates  and  chlorides  of  the  alkalis,  associated  with  a  relatively 
amount  of  fi*ee  silica  which  would  remain  unacted  upon  by  caustic 
i.  There  is  nothing  in  the  waters  to  be  thrown  down  by  the 
ion  of  alkali  or  permit  any  chemical  combinations  to  be  formed 
le  addition  of  a  small  amount  of  soap.  The  desire  of  tourists  to 
[)  a  geyser"  during  their  trip  through  the  Park  grows  annually 
the  increase  of  travel,  so  much  so  that  there  is  a  steady  demand 
lie  toilet  soap  of  the  hotels.  If  visitors  could  have  their  way,  the 
tiful  blue  springs  and  basins  of  the  geysers  would  be  "in  the 
'  constantly  throughout  the  season.  Throwing  ariything  into  the 
priugs  is  now  prohibited  by  the  Government  authorities.  It  is 
iuly  detrimental  to  the  preservation  of  the  geysers,  and  the 
nee  can  not  be  too  strongly  condemned  by  all  interested  in  the 
)nal  Reservation. 
H.  Mis.  114 11 
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By  G.  K.  Gilbert. 


rntrodu€tion. — For  a  decade  attentiou  has  beeu  turned  to  the  coii- 
ents.  Through  the  distribution  of  animals  and  plants  Wallace  has 
idied  the  history  of  the  former  connection  and  disconnection  of  land 
^as.  Theories  of  interchange  of  land  and  water  have  been  propounded 
Suess  and  Blytt.  By  means  of  ge<jdetic  data  Helmert  has  discussed 
i  broad  relations  of  the  geoid  to  the  theoretic  spheroid.  Darwin  has 
nputed  the  strength  of  terrestrial  material  necessary  to  sustain  the 
atinental  domes.  James  Geikie,  treating  nominally  of  coast  lines, 
s  considered  the  shifting  relations  of  land  and  sea,  and  a  half  score 
able  writers  have  debated  the  question  of  continental  permanence. 
le  American  Society  of  Naturalists,  now  holding  its  annual  meeting 
Princeton,  N.  J.,  devoted  yesterday's  session  to  the  consideration  of 
fih  evidences  of  change  in  the  geography  of  the  American  continent 
are  contained  in  the  distribution  of  animals  and  plants.  The  inter- 
^tinental  congresses  auxiliary  to  the  World's  Fair  next  summer  are 
be  devoted  to  the  discussion  of  continental  and  inter-continental 
5ines;  and  a  committee,  at  the  head  of  which  stands  one  of  ourvice- 
Bsidents,  invites  the  geologists  of  the  world  to  assemble  for  the  con- 
aeration  of  those  broader  question  8  of  earth  structure  and  earth  history 
Uch  afie<^t  more  than  one  hemisphere.  This  occasion,  too,  in  which, 
^^T  three  years'  sojourn  in  the  land  of  the  raccoon  and  the  opossum, 
'  I'eturn  to  the  land  of  the  sable  and  the  beaver,  brings  forcibly  to 
nd  the  continental  extent  of  our  society  and  its  continental  field.  It 
liot  strange,  then,  that  the  continents  have  seemed  to  me  a  fitting 
^nie  of  which  to  speak  to  you  to-day.  Realizing  not  only  the  breadth 
^d  grandeur,  but  the  inherent  difficulty  of  the  subject,  I  do  not  hope 
enlarge  the  contribution  the  decade  has  made,  nor  shall  1  attempt 
sinnmarizeit;  neither  is  it  my  desire  to  anticipate  the  discussions 
the  World's  Fair  congress.  It  is  my  purpose  rather  to  state,  as 
^arly  as  I  may,  some  of  the  great  unsolved  problems  which  the  con- 
sents propound  to  the  coming  inter-continental  congress  of  geologists. 


I*re8idential  address  before  the  Geological  Society  of  America;  delivered  Decem- 
*  30, 1892.     (From  the  Bulletin  Geolog.  Soc.  of  A  m.y  vol.  i v,  pp.  179-190. ) 
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Differentiation  of  'continental  and  oceanic  plateaus, — It  is  cue  of  the 
paradoxes  of  the  subject  that  our  ideas  as  to  the  essential  character  of 
the  continents  have  been  greatly  modified  and  clarified  by  the  recent 
exploration  of  the  sea.  The  work,  especially,  of  the  Challenger  and 
the  Blake  in  delineating  and  sampling  the  bottom  of  the  ocean  has 
given  new  definitions,  not  only  to  the  term  ''deep  sea,"  but  also  to  the 
term  '^ continent,"  as  they  are  employed  by  students  of  terrestrial 
mechanics  and  of  physical  geograpliy.  To  the  continental  lands  are 
now  added  the  continental  slioals,  and  the  depth  of  the  deep  sea  is  no 
longer  its  sole  characteristic.  Look  for  a  moment  at  this  generalized 
profile  of  the  earth's  surface.  It  expresses  in  a  concise  way  the  rela- 
tions of  area  to  altitude  and  of  both  to  the  level  of  the  sea.  Murray,  to 
whose  generalizations  from  the  Challenger  dredgiugs  and  soundings 
the  student  of  continents  owes  so  much,  has  computed,  with  the  aid 
of  the  great  body  of  modern  data,  the  areas  of  laud  and  ocean  bed  con- 
tained between  certain  contours,  fourteen  in  number,*  and  from  his 
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figures  I  have  constructed  the  profile.  V'ertical  distances  repred^^ 
heights  and  horizontal  distances  represent  terrestrial  areas.  The  f*^ 
Avidth  of  the  diagram  from  side  to  side  stands  for  the  entire  surfac<3  ^ 
the  earth.  The  striking  features  of  the  profile  are  its  two  terraces  ^ 
horizontal  elements.  Two-fifths  of  the  earth's  area  lies  between  11,0^ 
and  16,000  feet  beneath  the  ocean,  constituting  a  vast  submerged  pi 
teau,  whose  mean  altitude  is  — 14,000  feet.  This  is  the  plateau  of  t-^ 
deep  sea.  One-fourth  of  the  earth's  area  falls  between  the  contu* 
5,000  feet  above  tha  ocean  and  the  contour  1,000  feet  below,  and  ha^ 
mean  altitude  of  +  1,000  feet.  This  is  the  continental  plateau.  The  t^ 
plateaus  together  comprise  two-thirds  of  the  earth's  surfa(*e,  the  ^ 
niaining  third  including  the  intermediate  sloi)es,  the  areas  of  extrei'* 
and  exceptional  depth,  and  the  areas  of  extreme  and  exceptional  height 

*  John  Murray:   "On  tho  height  of  tlio  laud  anil  the  depth  of  the  ocean."  Scottish 
Geographical  Mag.,  vol.  iv,  1888,  p.  1. 
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Thu8  in  the  broadest  possible  way,  and  iu  a  manner  practically  inde- 
pendent of  the  distribution  of  land  and  water,  we  have  the  ocean  floor 
clearly  differentiated  from  the  continental  plateau.  It  is  at  once  evident 
that  for  the  discussion  of  the  greater  terrestrial  problems  connected 
with  the  configuration  of  the  surface,  and  especially  of  the  problems  of 
terrestrial  mechanics,  we  must  substitute  for  the  continents,  as  limited 
by  coasts,  the  continental  plateau,  as  limited  by  the  margins  of  the 
continental  shoals. 

It  does  not  follow  from  the  profile,  which,  as  I  have  said,  represents 
only  the  relation  of  extent  to  altitude,  that  all  districts  of  continental 
plateau  are  united  in  a  single  body,  and  in  point  of  fact  they  are  not  com- 
pletely united ;  but  the  greater  bodies  are  brought  together,  and  the 
only  outlying  district  is  that  of  the  Antarctic  continent.  Running  a  line 
along  the  edge  of  the  continental  shelf  where  a  gentle  slope  is  exchanged 
for  a  steep  one,  and  passing  freely,  as  occasion  may  require,  from  the 
coast  down  to  the  line  of  1,000  fathoms,  a  continental  outline  is  pro- 


s  s 

FiauRB  2. — The  continental  plateau  aa  related  to  Uie  Wentern  and  Eastern  HemUpheret. 

duced  in  which  North  America  and  Eurasia  are  united  through  the 
^^'oals  of  the  Arctic  ocean,  and  in  which  Australia  and  the  greater 
^^^ands  of  the  East  Indies  are  joined  to  southwestern  Asia.  Antarctica 
^'one  stands  separate,  being  parted  from  South  America  by  a  broad 
^^au channel,  imperfectly  surveyed  asyet,  but  believed  to  have  a  depth 
^f  between  1,000  and  2,000  fathoms.  The  lower  plateau,  or  the  floor  of 
^bedeep  ocean,  is  less  continuous,  being  separated  by  tracts  of  moder- 
*^c  depth  into  three  great  bodies,  coinciding  approximately  with  the 
"a<5ifie,  Atlantic,  and  Indian  oceans. 

Rigidity  versus  isostasy. — The  first  of  our  continental  problems  refers 
^  the  conditions  under  which  the  dift'erentiation  of  the  earth's  surface 

• 

''^to  oceanic  and  continental  plateaus  is  possible.  How  are  the  conti- 
^^^nts  supported  f  Every  part  of  the  oceanic  plateau  sustains  the  weight 
^^  the  superjacent  column  of  water.  At  the  same  level  beneath  the 
^ntinental  plateau  each  unit  of  the  lithosphere  sustains  a  column  of 
^k  both  taller  and  denser  thaif  the  column  of  water  and.  \?^\\gSi\\v% 
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about  three  times  as  nuicli.    The  difference  between  the  two  pressures, 
or  the  differential  pressure,  is  about  12,000  pounds  to  the  square  iuch, 
and  this  force,  applied  to  the  entire  area  of  the  continental  plateau,  urges 
it  downward  and  urges  the  oceanic  plateau  upward.    Referring  agsiin  to 
the  diagram  in  Figure  1,  the  entire  weight  of  the  continental  plat^a, 
pressing  on  the  track  beneath  it,  tends  to  produce  a  transfer  of  material 
in  the  direction  from  left  to  right,  resulting  in  the  lowering  of  the  higher 
plateau  and  the  raising  of  the  lower.    To  the  question,  how  this  tendency 
is  counteracted,  two  general  answers  have  been  made:  first,  that  the 
earth,  being  solid,  by  its  rigidity  maintains  its  form;  second,  that  the 
materials  of  which  consist  the  continental  plateau  and  the  underlyiug 
portions  of  the  lithosphere  are,  on  the  whole,  lighter  than  the  materials 
underlying  the  ocean  fioor,  and  that  the  difference  in  density  is  the 
complement  of  the  difference  in  volume,  so  that  at  some  level  horizon 
far  below  the  surface  the  weights  of  the  superincumbent  columns  of 
matter  are  equal.    The  first  answer  regards  the  horizontal  variations  of 
density  in  the  earth's  crust  as  unimportant;  the  second  regards  them  as 
important.    The  first  maybe  called  the  doctrine  of  terrestrial  rigidity; 
the  second  has  been  called  the  doctrine  of  isostasy.    At  the  present  time 
the  weight  of  opinion  and,  in  my  judgment,  the  weight  of  evidence  lie 
with  the  doctrine  of  isostacy.    The  differential  pressure  of  12,000  pounds 
per  square  inch  suffices  to  crush  nearly  all  rocks,  and  it  may  fairly  be 
questioned  whether  there  are  any  rock  masses  which  in  their  natural 
condition  near  the  surface  of  the  earth  are  able  to  resist  it.    The  samples 
of  rock  to  which  the  pressures  of  the  testing  machine  are  applied  have 
been  indurated  by  drying;  but  it  is  a  fact  familiar  to  quarrymen  that 
rocks  in  general  are  softer  as  they  lie  in  the  quarry  below  the  water- 
line  than  after  they  have  been  exposed  to  the  air  and  thoroughly  dried. 
It  is  probable  therefore  that  rocks  lying  within  a  few  hundred  or  a  fe^ 
thousand  feet  of  the  surface  are  unable  to  resist  such  stresses  as  are 
imposed  by  continents.    At  greater  depths  we  pass  beyond  the  rang* 
of  conditions  which  we  can  reproduce  in  our  laboratories,  and  our  inl'Br- 
ences  as  to  physical  conditions  are  less  confident.     The  tendency  ^^ 
subterranean  high  temperatures  is  surely  to  soften  all  rocks,  and  the 
tendency  of  subterranean  high  pressures  is  probably  to  harden  theu^* 
It  is  not  known  which  tendency  dominates;  but  if  the  tendencies  d^® 
to  pressure  are  the  more  powerful,  we  are  at  least  assured  by  the  pU** 
nomena  of  volcanism  that  their  supremacy  admits  of  local  exceptioP* 

Nature  of  dennity  differences. — If  we  accept  the  doctrine  of  isosta^^ 
and  regard  the  material  under  the  continents  as  less  dense  than  tU^* 
under  the  ocean  floors,  the  question  then  arises  whether  the  differeii^^ 
in  density  is  due  merely  to  a  difterence  in  temperature  or  whether  ^^ 
arises  primarily  from  differences  in  composition.  This,  which  may  t>^ 
called  the  second  problem  of  the  continents,  is  so  intimately  relat^ 
to  the  one  which  follows  that  we  may  pass  it  by  without  fuller  sfcat^' 
ment. 
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What  caused  the  continental  plateau  f —  The  problem  of  the  origin  of 
;he  continents  remains  almost  untouched.  Those  who  have  pto^ 
[)Ounded  theories  for  the  formation  of  mountain  ranges  have  sometimes 
iDclnded  continents  also,  but  as  a  rule  without  adequate  adaptation  to 
the  special  conditions  of  the  continental  problem.  So  far  as  I  am 
aware,  the  wubject  has  been  seriously  attacked  only  by  our  second 
president,  Prof.  Dana.  He  postulates  a  globe  with  solid  nucleus  and 
molten  exterior,  and  postulates,  farther,  local  differences  of  condition, 
in  consequence  of  which  the  formation  of  solid  crust  on  the  liquid  en- 
velope was  for  a  long  period  confined  to  certain  districts.  In  those 
districts  successive  crusts  were  formed,  which  sunk  through  the  liquid 
envelope  to  the  solid  nucleus  and  by  their  accumulation  built  up  the 
continental  masses.  The  remaining  areas  were  afterward  consolidated, 
and  subsequent  cooling  shrunk  the  ocean  beds  more  than  it  shrunk  the 
continental  masses,  because  their  initial  temperatures  (at  the  beginning 
of  that  process)  were  higher.*  That  the  philosophic  mind  may  find 
satisfaction  in  this  explanation,  it  appears  necessary  to  go  behind  the 
second  postulate  and  discover  what  were  the  conditions  which  deter- 
mined congelation  in  certain  districts  long  before  it  began  in  others. 

Can  it  be  shown  that  the  localization  of  congelation,  having  been 
initiated  by  an  otherwise  unimportant  inequality,  would  be  perpet- 
nated  by  any  of  those  cumulative  processes  which  are  of  such  impor- 
tance in  various  departments  of  physics?  Andean  it  be  shown  that 
such  a  process  of  continent-building  would  segregate  in  the  continental 
tract  certain  kinds  of  matter  and  thus  institute  the  conditions  essential 
toisostatic  equilibrium?  To  the  first  of  these  questions  no  answer  is 
apparent, but  I  incline  to  the  opinion  that  the  second  maybe  answered 
in  the  affirmative.  If  we  assume  the  liquid  envelope  to  consist  of  va- 
rious molten  rocks  arranged  in  the  order  of  their  densities  and  if  we 
assume,  further,  that  their  order  of  densities  in  the  liquid  condition 
corresponds  to  their  order  of  densities  in  the  solid  condition,  then  the 
successive  crusts  whose  heaping  built  up  the  continents  would  all  be 
formed  from  the  lightest  material,  and  the  isostatic  condition  would  be 
satisfied. 

It  was  the  fashion  of  the  last  generation  of  physical  geographers  to 
study  the  forms  of  continents  as  delimited  by  coasts,  seeking  analogies 
^^  continental  forms  with  one  another  and  also  with  various  geometric 
fi^es,  especially  the  triangle.  The  generalizations  resulting  from 
these  studies  have  not  yielded  valuable  ideas,  and  the  modern  student 
IS  apt  to  smile  at  the  effort  of  his  predecessor  to  discover  th  e  ideal  geo- 
inetric  figure  where  the  unbiased  eye  sees  only  irregularity.  But  barren 
as  were  those  studies  I  am  not  satisfied  that  their  method  was  faulty, 
and  as  a  physiographer  I  have  such  appreciation  of  the  ideas  that 
^metimes  grow  from  studies  of  form  that  I  have  attempted  to  apply 
the  old  method  to  the  new  conception  of  the  continental  plateau.     t)on- 


*  James  1).  Dana:  Manual  of  Geology,  2d  edition,  New  York,  1^14,  \>.'i'i&. 
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fessiiig  in  advauce  that  my  only  result  ban  been  negative,  I  neverthe- 
less recite  what  I  have  done,  partly  because  negative  contributious  to 
an  obscure  subject  are  not  entirely  valueless  and  partly  with  the 
thought  that  the  forms  whose  meanings  I  failed  to  discover  may  never- 
theless prove  significant  to  some  other  eyes. 

What  I  did  was  to  draw  upon  a  globe  the  outhne  of  the  continental 
plateau  and  then  view  it  from  every  direction.  Afterwards  I  developed 
the  figure  upon  a  plane  surface,  employing  for  that  purpose  a  mode  of 
projection  which  is  probably  novel.  As  this  mode  is  not  susceptible  of 
mathematical  formulation,  and  therefore  will  not  find  place  in  the  htera- 
ture  of  cartography,  I  may  be  pardoned  for  applying  a  trivial  name  and 
calling  it  the  orange-peel  projection.  The  name  almost  explains  it.  Con- 
ceive the  continental  plateau  to  be  outlined  upon  a  spherical  orange 
and  the  rind  of  the  orange  to  be  divided  by  a  sharp  knife  along  the 
sinuosities  of  the  outline;  conceive  then  that  the  portion  of  the  rind 


FinuRfs  3.-  The  continental  plateau  developed  on  a  plane  surfaee. 

thus  circumscribed  is  peeled  from  the  orange  and  is  spread  uf)on  a  flat 
surface,  the  different  parts  being  streiched  and  compressed  so  as  to  pass 
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Fini'HF.  A.—  Oeeanir  aim  complementary  to  the  continental  plateau  develojjed  <m  a  jtlane  turjaef- 


from  spherical  finm  to  plane  with  the  least  strain  of  the  rind.    There- 
suiting  shape  is  delineated  in  Figure  3.    Figure  4  shows  the  form  as- 
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limed  by  the  complementary  part  of  the  orange  peel,  which  represents, 
f  course,  that  portion  of  the  ocean  outside  the  continental  shoals.  In 
ach  diagram  the  positions  of  the  poles  north  and  south  are  repre- 
ented  by  the  letters  N  and  S.  From  the  study  of  these  figures,  and 
si)ecially  from  their  study  a«  delineated  on  the  globe,  it  appeared  pos- 
ible  that  a  portion  of  the  continental  plateau  might  belt  the  earth  as 
great  circle.  The  discovery  of  such  a  belt  would  be  important,  for  by 
ssuining  that  it  was  originally  equatorial  we  might  be  led  to  new  hy- 
lotheses  of  continental  development.  In  a  rotating  liquid  sphere  the 
nly  differentiation  of  surface  condition  we  can  readily  conceive  is  that 
•etween  equatorial  and  polar  regions,  and  if  such  differentiation  were 
aificient  to  cause  or  localize  continental  elevations,  then  these  eleva- 
ions  would  constitute  either  two  polar  tracts  or  else  an  equatorial  belt, 
loreover,  I  have  been  induced  by  recent  studies  of  the  physical  history 
f  the  moon  to  suspect  that  the  earth  may  at  one  time  have  received 
onsiderable  accessions  from  without  and  that  these  accessions  were 
nade  to  the  equatorial  tract.  If  these  suspicions  are  well  founded,  pe- 
uUar  characters  may  have  been  given  to  a  tract  having  the  form  of  a 
)elt.  So  for  a  double  reason  I  was  led  to  compare  the  outline  of  the 
iontinental  plateau  with  a  great  circle.  To  this  end  a  great  circle  was 
hosen,  coinciding  as  nearly  as  x)ossible  with  the  line  of  greatest  con- 
inental  extension,  and  the  projection  was  so  modified  as  to  render  the 


Fini^RK  5, — Area  o/  eontinental  plateau^  developed  with  reference  to  a  great  eirele. 

^ns  of  that  great  circle  a  straight  line.  The  result  appears  in  Figure 
Sphere  the  straight  line  is  the  projection  of  the  hypothetic  ancient 
^"ator;  and  you  will  probably  agree  with  me  that  it  gives  little  sup- 
^rt  to  the  suggestion  that  the  ])rincipal  line  of  continental  elevation 
^as  originally  equatorial. 

^^  do  continental  areas  rise  and  fallf — A  fourth  problem  refers  to 
'^^tiiientaloscillations.  The  geologic  history  of  every  district  of  the  land 
^^'ludes  alternate  submergence  under  and  emergence  from  the  sea. 
^  what  extent  are  these  changes  due,  on  one  hand,  to  movements  of 
^®  sea  and,  on  the  other,  to  movements  of  the  land,  and  what  are  their 
*^s!  With  American  geologists  the  idea,  recently  advocated,  that 
*^  chief  movements  are  those  of  the  ocean  finds  little  favor,  because 
•'^eof  the  most  important  of  the  changes  of  which  we  are  directly 
'^^izant  are  manifestly  differential.  Our  palaiozoic  map  pictures  a 
•^  ^here  now  are  Appalachian  uplands  and  uplands  where  now  «c^ 
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low  coastal  plains  and  oceanic  waters.  In  Creta<560U8  time  the  two 
margins  of  what  are  now  the  Great  Plains  had  the  same  height,  or  at 
least  the  western  margin  was  no  higher  than  the  eastern;  but  now  the 
western  margin  lies  from  four  thousand  to  six  thousand  feet  above  the 
eastern,  and  the  intervening  rock  mass  appears  to  have  been  gently 
tilted  without  im]>ortant  internal  distortion.  Such  geographic  revo- 
lutions are  not  to  be  explained  by  the  shifting  of  the  hydro  sphere  nor 
by  its  dilatation  and  contraction.  Neither  can  they  be  ascribed  to  iso- 
static  restoration  of  an  equilibrium  deranged  through  the  transfer  of 
masses  by  erosion  and  sedimentation,  for  that  hypothetic  process  is 
essentially  conservative.  Neither  is  it  easy  to  believe  that  the  two  mar- 
gins of  the  plains  have  differed,  since  the  Cretaceous,  to  the  extent  of 
one  mile  in  their  radial  contraction  due  to  secular  cooling  of  the  globe; 
nor  is  it  easy,  at  least  for  the  disciple  of  isostasy,  to  believe  that  such 
a  change  can  have  resulted  from  the  localization  of  deformation  con- 
sequent on  the  slowing  of  the  earth's  rotation.  Each  of  these  process^ 
may  have  been  concerned,  but  I  conceive  that  the  essential  factor  still 
awaits  suggestion.  Our  knowledge  of  surface  processes,  as  compared 
to  subterranean,  is  so  full  that  the  field  of  plausible  epigene  hypothe- 
ses may  be  exhausted,  but  the  vista  of  hypogene  jwssibility  still  opens 
broadly. 

Are  continents  permanent  f — The  doctrine  of  the  permanence  of  the 
continental  plateau,  enunciated  long  ago  by  Dana  and  more  recently 
advocated,  with  a  powerful  array  of  new  data,  by  Murray  and  Wallace, 
has  made  rapid  progress  toward  general  acceptance.  Nevertheless  its 
course  is  not  entirely  clear,  and  among  the  obstacles  still  to  be  over- 
come is  one  whose  magnitude  is  perhaps  magnified  for  the  American 
student  by  proximity.  All  who  have  studied  broadly  the  stratigraphy 
of  the  Appalachian  district  have  concluded  that  the  sediments  came 
chiefly  from  the  east,  and  the  detailed  Appalachian  work  of  the  past 
decade  is  disclosing  a  complicated  history,  in  which  all  chapters  tell  of 
an  eastern  palaeozoic  land  and  some  chapters  seem  to  testily  to  its  wide 
extent.  At  some  times  the  western  shore  of  this  land  lay  east  of  the 
sight  of  the  Blue  Ridge,  and  there  is  serious  doubt  whether  the  exist- 
ing belts  of  coastal  plain  and  submerged  continental  shelf  afford  it 
sufficient  space.  For  the  present,  at  least,  the  subject  of  continental 
permanence  must  be  classed  with  the  continental  problems. 

Do  continents  grow  f — According  to  my  own  view  there  is  yet  another, 
a  sixth,  continental  problem  deserving  the  attention  of  the  World's 
Fair  inter-continental  congress.    We  have  been  told  by  the  masters  of 
our  science  (and  their  teaching  has  been  echoed  in  every  text-book  and 
in  every  classroom),  that  through  the  whole  i>eriod  of  the  geologic 
record  the  continents  have  grown;  not  that  the  continental  plateaus 
have  been  materially  extended,  not  that  the  pendulum  has  moved 
always  in  one  direction,  but  that  the  land  area  has  on  the  whole 
steadily  increased.    From  this  doctrine  there  has  been  no  dissent— 
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and  possibly  there  should  be  no  dissent — but  the  evidence  on  which  it 
is  foQuded  appears  to  me  so  far  from  conclusive  that  I  venture  to 
doubt. 

The  evidence  employed  consists  partly  in  the  general  distribution  of 
formations  as  shown  by  the  geologic  map  and  partly  in  inferences  drawn 
from  certain  formations  which  contain  internal  evidence  that  they  origi- 
nated on  coasts.  With  the  aid  of  such  data  are  drawn  the  outlines  of 
ancient  ocean  and  land  at  various  geologic  dates,  and  from  the  com- 
parison of  these  outlines  continental  growth  is  inferred.  In  passing 
from  the  formation  boundaries  of  the  geologic  map  to  the  oceanic  lipiits 
of  the  charts  of  ancient  geography,  allowance  is  made  for  the  former 
extent  of  non- littoral  formations  beyond  their  present  boundaries. 
This  allowance  is  largely  conjectural  and  the  range  of  possible  error  is 
confessedly  great.  In  passing  from  the  observed  limits  of  littoral  for- 
mations to  the  coast  lines  of  ancient  geography  little  or  no  allowance 
is  usually  made  tor  the  former  extent  of  the  formations,  and  I  conceive 
that  great  i>ossibility  of  error  is  also  thus  admitted.  During  a  period 
of  oceanic  transgression  over  the  land,  all  portions  of  the  transgressed 
surface  are  successively  coastal,  and  the  coastal  deposits  they  receive 
are  subsequently  buried  by  off-shore  deposits.  When  therefore  littoral 
beds  are  found  in  remnants  of  strata  surviving  the  processes  of  deg- 
radation, it  is  indeed  proper  to  infer  the  proximity  of  ancient  coasts 
duringtheir  formation,  but  the  inference  that  they  represent  the  limit 
of  transgression  for  that  epoch  may  be  far  from  the  truth.  For  these 
reasons  it  appears  to  me  that  the  specific  conclusions  which  have  been 
reached  with  reference  to  the  original  extent  of  various  formations  are 
subject  to  wide  uncertainties;  and,  if  this  be  granted,  then  but  brief 
attention  to  a  simple  law  of  denudation  is  necessary  to  show  that  the  gen- 
eral conclusion  may  be  illusory.  The  process  of  degradation  by  aque- 
ous agencies  is  chiefly  regulated,  not  by  the  thickness  of  formations, 
but  by  the  height  to  which  they  are  uplifted.  Thus  the  present  extent 
of  most  formations  is  determined  in  large  part  by  crustal  oscillations 
snbsequent  to  their  deposition.  As  formations  are  progressively  eroded, 
the  under-lying  and  older  can  not  be  attacked  until  the  over-lying  and 
younger  have  been  carried  away,  and  so  the  outcrops  of  the  older  of 
liecessity  project  beyond  the  boundaries  of  the  younger.  The  progress 
of  vague  inference,  making  indefinite  allowance  for  the  unknown  quan- 
%  of  eroded  strata,  nearly  always  assigns  to  the  older  formation, 
^hich  projects  visibly  beyond  the  newer,  a  greater  original  extent.  It 
Spears  to  me  thus  possible  that  the  greater  part  of  the  data  from  which 
continental  growth  is  inferred  may  be  factitious  and  misleading. 

Furthermore,  inference,  such  as  it  is,  deals  with  only  one  phase  of 
the  problem.  It  is  applied  to  the  incursions  of  the  sea  upon  the  land, 
but  it  is  not  applied  to  the  excursions  of  the  land  upon  the  sea.  Just 
as  we  infer  from  stratified  rocks  the  presence  of  the  sea,  so  also  we 
infer  firom  unconformities  the  sea^s  absence;  and  to  the  student  of 
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ancient  geography  the  two  cUisBes  of  evidence  are  equsilly  inii^ortant 
But  the  strata,  spread  widely  over  the  surface  of  the  land,  are  con- 
spicuous phenomena,  while  unconformities  are  visible  only  here  and 
there  and  are  usually  difficult  of  determination.  For  this  reason  the 
data  derived  from  unconformity  have  never  been  assembled.  Essays 
toward  ancient  geography  have  dealt  only  with  the  minima  of  ancient 
land,  never  with  its  maxima,  and  the  question  of  continental  growth 
can  not  be  adequately  treated  while  half  of  the  history  is  ignored. 

We  may  borrow  a  figure  from  the  strand  of  a  lake.  As  the  waves 
roll  inward,  each  i-ecords  its  farthest  limit  by  a  line  upon  the  sand  and 
each  obliterates  all  previous  wave  lines  which  it  overpasses.  The  ob- 
server who  studies  the  transient  record  at  any  point  may  find  a  series  of 
lines,  of  which  the  highest  is  the  oldest  and  the  lowest  is  the  newest,  and 
he  may  infer  that  the  lake  level  was  higher  when  the  first  wave  left  its 
trace  and  that  the  water  is  receding  from  the  land.  But,  if  he  e^ntinne 
his  observations  through  many  days  and  fix  monuments  to  record  froin 
time  to  time  the  lowest  land  laid  bare  between  the  waves,  he  may  dis- 
cover that  the  highest  wave  line  and  the  lowest  record  of  ebb  corre- 
spond in  time  with  the  play  of  the  largest  waves,  and  that  the  lowest 
wave  line  and  the  highest  record  of  ebb  correspond  to  the  play  of  smaller 
waves,  and  thus  reach  the  conclusion  that  the  lake  level  has  remmned 
unchanged.  In  the  study  of  Time's  great  continental  strand  we  are  not 
even  able  to  observe  directly  the  wave  lines  of  rhythmic  transgression, 
but  infer  their  i)Ositions  from  data  often  ambiguous;  and  of  the  lower 
wave  limits,  the  lines  of  maximum  regression,  we  are  absolutely 
ignorant.  ' 

It  may  be  true  that  a  priori  considerations  afford  a  presumption  in 
favor  of  continental  growth,  but  such  presumption  should  not  be  per 
mitted  to  give  color  to  evidence  otherwise  neutral;  and  moreover  it  is 
not  impossible  to  discover  an  a  priori  presumption  in  favor  of  continenta 
diminution.  Assuming  that  hypogene  agencies  cause  (*.ontinental  area^ 
to  rise  above  the  ocean,  the  work  of  epigene  agencies  constantly  tendt 
to  remove  the  projecting  eminences  and  de4)osit  their  material  aboai 
their  margins,  so  as  to  extend  the  area  of  the  continental  plateau.  Tbxi 
we  have  a  strong  a  priori  xiresumption  in  favor  of  continental  growtti 
On  the  other  hand,  if  we  admit  the  principle  of  isostatic  equilibrium,  thei 
the  continental  eminences  have  low  density ;  and  as  they  are  worn  awa-^ 
by  epigene  processes  the  material  which  rises  from  below  to  restore  then 
has  greater  density  and  maintains  a  somewhat  less  altitude.  The  pro^ 
ess  of  isostatic  restoration  tends  thus  toward  the  permanent  levellinl 
of  continents,  and  if  the  hypogene  initiative  should  cease  the  continents 
would  ultimately  be  reduced  to  ocean  level,  and  finally,  through  pro^ 
esses  of  solution,  to  a  level  below  the  ocean ;  so,  assuming  the  initiativ"^ 
processes  of  the  under  earth  to  be  of  finite  duration,  the  work  of  terre^ 
trial  degradation,  combined  with  isostatic  restoration,  should  Jifford  ^ 
continental  history  cliaracterized  in  an  earlier  stage  l)y  growth  and  in  ^ 
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later  stage  by  decadence.  In  our  ignorance  of  subterranean  forces  we 
should  use  such  a  priori  considerations  only  as  a  means  for  the  sugges- 
tion of  hypotheses.  As  they  have  doubtless  served  to  promote  the 
theory  of  continental  growth,  they  should  also  be  permitted  to  indicate 
the  possibility  of  continental  retrogradation. 

Summary, — ^The  problems  of  the  continents  have  been  touched  to-day 
80 briefly  that  a  summary  is  almost  sux)ertluous.  The  doctrine  of  isos- 
tasy,  though  holding  a  lea^iing  position,  has  not  fully  sui)planted  the 
doctrine  of  rigidity.  If  it  be  accepted,  there  remains  the  question 
whether  heat  or  comx>osition  determines  the  gravity  of  the  ocean  beds 
and  the  levity  of  continents.  For  the  origin  of  continents  we  have  a 
single  hypothesis,  which  deserves  to  be  more  fully  compared  with  the 
body  of  modern  data.  The  newly  determined  configuration  of  the  con- 
tinental mass  has  yielded  no  suggestion  as  to  its  origin.  The  cause  of 
differentiiil  elevation  and  subsidence  within  the  continental  plateau  is 
unknown  and  has  probably  not  been  suggested.  The  permanence  of 
the  continental  plateau,  though  highly. probable,  is  not  yet  fully  estab- 
lished; and  the  doctrine  of  continental  growth,  though  generally  ac- 
cepted, has  not  been  placed  beyond  the  field  of  profitable  discussion. 
Thus  the  subject  of  continents  affords  no  less  than  a  half  dozen  of  great 
problems,  whose  complete  solution  belongs  to  the  future.  It  is  not  al- 
together pleasant  to  deal  with  a  subject  in  regard  to  which  the  domain 
of  our  ignorance  is  so  broad;  but  if  we  are  optimists  we  may  be  com- 
forted by  the  reflection  that  the  geologists  of  this  generation,  at  least, 
will  have  no  occasion,  like  Alexander,  to  lament  a  dearth  of  worlds  to 
conquer. 
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lie  broad  classification  of  the  successive  stages  of  culture  of  the 
historic  peoples  of  Europe  into  the  stone,  bronze,  and  iron  "  ages" 
J  based  upon  prehistoric  finds,  aud  is  an  induction  derived  from 
ervation  similar  to  that  relating  to  the  succession  of  the  different 
ers  of  animals  and  plants  in  geological  history.  It  is  also  confirmed, 
'ar  as  bronze  and  iron  are  concerned,  by  ancient  tradition,  for  in 
ly  historical  times  it  was  known  among  the  Greeks  that  bronze  had 
ceded  iron  at  an  earlier  period,  and  this  knowledge,  passing  to  the 
nans  in  a  later  age,  was  expressed  in  the  line  of  Lucretius  which  has 
u  often  quoted  in  this  connection,  "  sed  prior  wris  erat  quant  ferri 
nittis  usus,^ 

Jut  there  is  evidence  to  show  that  the  use  of  copper  was  independent 
if  it  did  not  precede,  that  of  bronze,  particularly  in  places  where 
metal  was  indigenous.  This  evidence  consists  in  the  discovery  of 
►per  implements  and  weapons  instead  of  or  sometimes  accompany- 
:  bronze,  mingled  with  numerous  stone  articles  of  the  same  charac- 
,  in  various  places  in  Euroi)e  and  the  East.  The  prehistoric  people 
1  learned  the  art  of  extracting  copper  from  its  ore,  and  in  some  cases 
icticed  it  near  the  places  where  the  metal  was  used  for  imi>lements 
1  weapons.  Prehistoric  copper  mines  have  been  rei>orted  from  the 
als  and  elsewhere,  and  a  circumstantial  account  of  such  a  mine, 
ich  was  discovered  in  1827  near  Bischofshofen  in  Salzburg,  in  Ger- 
ny,  has  been  published  by  M.  Much,  an  archaeologist  who  examined 
li  1879.*  The  traces  of  the  old  workings,  nearly  obliterated  after  so 
g  a  tune,  had  led  to  the  establishment  of  a  flourishing  modern  cop- 
'  niiue  on  the  same  vein,  just  as  the  trenches  on  the  outcrops  of  the 
>l)er  bearing  rocks  in  the  Lake  Superior  district  served  as  guides  to 
dern  miners  in  sinking  shafts  there.  The  Salzburg  mine,  however, 
8  in  copper  ore  and  not  native  copper,  and  was  a  mine  in  the  x)roper 
iseof  the  term,  with  extensive  underground  workings.  The  remains 
small  smelting  furnaces,  with  slag  heaps  aud  other  rubbish,  were 

Die  Knpferzext  in  Karopa  und  ihr  Verliiiltniss  z\\v  Cultur  der  Indogerraanen. 
en,  1886. 
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Wisconsin.    This  condition  is  no  doabt  largely  due  to  the  indefatLjgra 
ble  zeal  of  Mr.  F,  8.  Perkins,  of  Wisconsin,  who  has  devoted  himsel 
for  many  years  to  collecting  copper  articles  of  Indian  origin  from  a7J 
parts  of  the  State,  about  four  hundred  of  which  are  in  the  Smitbsoiiiau 
cases.    But  the  phenomenon  can  be  explained  in  another  way  wheiz 
one  reflects  that  Keweenaw  Point  is  directly  north  of  the  State  and 
was  the  seat  of  the  ancient  copper  mines  which  have  attracted  tbe 
attention  of  archaeologists,  and  was  the  center  of  distribution  of  tbe 
native  copper  which  was  the  object  of  the  desultory  mining  carried  on 
there.    Wisconsin  is  also  in  a  very  favorable  situation  for  receiving  the 
drift  which  brought  *^  float"  copper  from  the  copper-bearing  rocks  of 
Keweenaw,  which  'Afloat"  was  apparently  often  manufactured  iuto 
implements.    The  State  covers  a  district  which  was  near  the  mines  and 
is  in  a  direct  course  lor  people  leaving  them  going  south.    It  maybe 
found  that  that  district  was  the  seat  of  the  ancient  miners  themselves. 

The  yield  of  mounds,  graves,  and  fields,  as  shown  in  the  collections, 
confirms  in  a  general  way  the  observations  of  the  first  discoverers.  In 
the  eastern  and  southern  parts  of  the  country  the  majority  of  the  copper 
articles  wliich  have  been  found  are  breast-plates,  bracelets,  beads, 
bobbin-like  objects  and  other  ornaments,  while  in  the  north  and  west, 
and  especially  in  Wisconsin,  implements  and  weapons  prevail.  Tbe 
Wisconsin  specimens  are  like  those  figured  by  Whittltsey  (Smithsonian 
Contributions^  vol.  xiii),  which  were  found  in  the  mining  district  itselfl 
and  those  found  at  Brock ville,  Canada,  and  shown  in  Wilson's  "Prebis^ 
toric  Man.''  Others,  apparently  of  the  same  character,  are  mentioned  by 
Wilson  as  being  found  near  Marquette,  Mich.,  east  of  the  copper  dis- 
trict. 

The  present  evidence,  therefore,  shows  that  copper  had  not  passed  its 
ornamental  or  precious  stage  on  the  seaboard  and  in  the  south  at  tbe 
time  this  continent  was  brought  to  the  attention  of  Eurojie.  It  was  not 
a  part  of  the  general  native  equipment,  either  for  war,  or  hunting,  or 
other  useful  pui'poses,  and  its  position  in  the  native  economy  was  not 
like  the  noticeable  part  it  played  in  the  armament  of  the  Mexicans  and 
Central  Americans  of  the  same  period. 

At  the  advent  of  Europeans  copper  was  eagerly  sought  for  in  trade 
with  the  whites.  An  official  present  of  copper  articles  is  particularly 
mentioned  in  the  account  of  Cartier's  voyage  before  referred  to,  and 
Ilalph  Lane  writes  from  Eoanoke,  in  1585,  to  his  company  in  England 
that  they  could  not  do  better  than  send  over  copper  articles  of  all  kind.^ 
to  trade  with ;  **  copper  carry eth  the  price  of  all,  so  it  be  made  red/'  b  ^ 
explains.  The  copper  obtained  from  the  whites  was  very  soon,  with  otb^^ 
imported  things,  disseminated  by  barter  among  the  different  tribes.  I^ 
Frobisher's  third  voyage  to  the  Labrador  coast  (lat.  58^),  in  1578,  b^ 
noticed  the  evidence  of  this  aboriginal  trade,  and  says  "  the  nativ<^ 
have  traffic  with  other  people,  and  have  barres  of  iron,  arrowe,  aBt3 
speare  heads  and  certain  buttons  of  copper  which  they  use  to  wea^ 
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upon  their  foreheads  for  ornament,  as  our  ladies  in  the  court  of  Bug- 

laud  doe  use  great  pearle."    This  trade  with  the  natives  must  have 

been  considerable.    The  fishing  fleets  which  swarmed  in  the  northern 

waters  carried  on  trade,  and  copper  and  iron  articles  formed  a  part  of 

their  outward  cargoes.    According  to  Anthony  Parkhurst,  who  had 

been  in  the  business  and  on  the  fishing  grounds,  trade  to  Newfoundland 

irom  England  was  brisk  in  1548,  and  an  estimate  which  he  made  for 

Uakhiyt  shows  that  in  1578  there  were  100  Spanish  vessels  engaged  in 

cod-fishing,  20  to  30  whalers  from  Biscay,  50  Portuguese,  and  150  French 

and  Breton  vessels.    The  English  contingent  was  then  much  smaller 

than  in  former  years. 

After  the  arrival  of  Europeans,  bringing  an  assortment  of  *'  novel- 
ties "of  all  kinds,  there  was  no  reason  why  the  Indians  should  trouble 
themselves  further  to  obtain  domestic  copper  by  the  toilsome  process  of 
searching  and  digging  for  it,  because  they  now  had  not  only  a  ready  and 
sufficient  supply  of  that  metal  for  ornamental  purposes,  but  were  intro- 
duced to  many  other  things  of  superior  attractiveness,  especially  iron, 
in  the  form  of  knives,  hatchets,  etc.,  which  at  once  superseded  copper 
for  practical  use.    "The  Chippewa  chief,  Kontika,  asserted  in  1824 
that  but  seven  generations  of  men  had  passed  since  the  French  brought 
them  brass  kettles;  at  which  time  their  people  at  once  laid  aside  their 
own  manufactures  and  adopted  those  of  the  French."  ♦    The  testimony 
of  the  earliest  voyagers  to  the  possession  of  copper  ornaments  by  the 
natives  is  therefore  of  imx)ortance,  because  there  was  very  soon  enough 
of  the  imported  article  in  the  country  to  make  a  show.    Incidentally, 
also,  archaeologists  have  to  keep  this  fact  of  foreign  importation  in 
wind  in  deciding  upon  the  origin  of  copper  articles  in  "  finds."    Lake 
Superior  copper,  ot  which  pre-Columbian  Indian  articles  were  made, 
occurs  in  the  native  state,  and  is  free  from  the  impurities  which  are 
found  in  copper  that  has  been  smelted,  so  that  chemical  analysis  could 
often  decide  whether  a  given  specimen  was  of  native  origin  or  imported* 
On  some  copper  articles  found  in  the  north,  specks  of  silver  have  been 
noticed.    This  is  a  sure  token  of  Lake  Superior  copper  which  has  never 
beeu  melted. 

Ill  the  absence  of  evidence  that  the  Indians  of  the  United  States  had 
auy  knowledge  of  smelting,  it  must  be  inferred  that  all  the  copper  they 
possessed  was  found  in  the  metallic  or  native  state.  There  is  nothing 
to  show  that  they  were  aware  of  the  existence  of  copper  ore  as  a  source 
of  metal.  No  remains  of  smelting  places,  or  slag,  or  other  indications 
of  metallurgical  operations  have  yet  been  found.  If  they  had  known 
smelting  they  could  have  had  an  ample  supply  of  the  metal,  because 
ores  of  copper  are  comparatively  abundant  in  the  United  States,  while, 
^  a  matter  of  fact,  copper  was  a  rarity  with  them.    Native  copper  occurs 

• 

^^  J^mall  quantities  in  many  places  in  the  United  States,  but  there  is  no 
evidence  at  present  that  the  northern  Indians  had  knowledge  of  any 

*  Sclioolcral't,  vol.  iv,  x>.  142. 


178  PRE-COLUMBIAN   COPPER-MINING 

Wisconsin.  This  condition  is  no  doubt  largely  due  to  the  inde&tigar 
ble  zeal  of  Mr.  F,  8.  Perkins,  of  Wisconsm,  who  has  devoted  himself 
for  many  years  to  collecting  copper  articles  of  Indian  origin  from  all 
parts  of  the  State,  about  four  hundred  of  which  are  in  the  Smithsoniau 
cases.  But  the  phenomenon  can  be  explained  in  another  way  when 
one  reflects  that  Keweenaw  Point  is  directly  north  of  the  State  and 
was  the  seat  of  the  ancient  copper  mines  which  have  attracted  the 
attention  of  archaeologists,  and  was  the  center  of  distribution  of  the 
native  copper  which  was  the  object  of  the  desultory  mining  carried  on 
there.  Wisconsin  is  also  in  a  very  favorable  situation  for  receiviugthe 
drift  which  brought  "float"  copper  from  the  copper-bearing  rocks  of 
Keweenaw,  which  "float"  was  apparently  often  manufactured  into 
implements.  The  State  covers  a  district  which  was  near  the  miners  and 
is  in  a  direct  course  for  people  leaving  them  going  south.  It  maybe 
found  that  that  district  was  the  seat  of  the  ancient  miners  themselves. 

The  yield  of  mounds,  graves,  and  fields,  as  shown  in  the  collections, 
confirms  in  a  general  way  the  observations  of  the  first  discoverers.  In 
the  eastern  and  southern  parts  of  the  country  the  majority  of  the  copper 
articles  which  have  been  found  are  breast-plates,  bracelets,  beads, 
bobbin-like  objects  and  other  ornaments,  while  in  the  north  and  west, 
and  especially  in  Wisconsin,  implements  and  weapons  prevail.  The 
Wisconsin  specimens  are  like  those  figured  by  Whittlesey  (jSwtiA«o»w» 
Contributions,  vol.  xiii),  which  were  found  in  the  mining  district  itself 
and  those  found  at  Brock ville,  Canada,  and  shown  in  Wilson's  "Prehis^ 
toric  Man.^  Others,  apparently  of  the  same  character,  are  mentioned  by 
Wilson  as  being  found  near  Marquette,  Mich.,  east  of  the  copper  dis- 
trict. 

The  present  evidence,  therefore,  shows  that  copper  had  not  passed  its 
ornamental  or  precious  stage  on  the  seaboard  and  in  the  south  at  tiic    | 
time  this  continent  was  brought  to  the  attention  of  Europe.    It  wasDot 
a  part  of  the  general  native  equipment,  either  for  war,  or  hunting,  ot 
other  useful  purposes,  and  its  position  in  the  native  economy  was  not 
like  the  noticeable  part  it  played  in  the  armament  of  the  Mexicans  and 
Central  Americans  of  the  same  period. 

At  the  advent  of  Europeans  eopi)er  was  eagerly  sought  for  in  trad^ 
with  the  whites.  An  official  present  of  copper  articles  is  particular!/ 
mentioned  in  the  account  of  Cartier's  voyage  before  referred  to,  au^ 
Ealph  Lane  writes  from  Roanoke,  in  1585,  to  his  company  in  England 
that  they  conld  not  do  better  than  send  over  copper  articles  of  all  kin<J^ 
to  trade  with ;  *'  coi)per  carryeth  the  price  of  all,  so  it  be  made  red,"  1»*^ 
explains.  The  copper  obtained  from  the  whites  was  very  soon,  with  otk^^ 
imported  things,  disseminated  by  barter  among  the  different  tribes.  I^ 
Frobisher's  third  voyage  to  the  Labrador  coast  (lat.  58°),  in  1578,  t»^ 
noticed  the  evidence  of  this  aboriginal  trade,  and  says  "  the  nativ<^^ 
have  traffic  with  other  i)eople,  and  have  barres  of  iron,  arrowe,  au^ 
speare  heads  and  certain  buttons  of  copper  which  they  use  to  wi 
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upon  their  foreheads  for  ornament,  as  our  ladies  in  the  court  of  Eng- 
land doe  ase  great  pearle."  This  trade  with  the  natives  must  have 
been  considerable.  The  fishing  fleets  which  swarmed  in  the  northern 
waters  carried  on  trade,  and  copper  and  iron  articles  formed  a  part  of 
their  outward  cargoes.  According  to  Anthony  Parkhurst,  who  had 
been  in  the  business  and  on  the  fishing  grounds,  trade  to  Newfoundland 
^m  England  was  brisk  in  1548,  and  an  estimate  which  he  made  for 
Hakluyt  shows  that  in  1578  there  were  100  Spanish  vessels  engaged  in 
cod-fishing,  20  to  30  whalers  from  Biscay,  50  Portuguese,  and  150  French 
and  Breton  vessels.  The  English  contingent  was  then  much  smaller 
than  in  former  years. 

After  the  arrival  of  Europeans,  bringing  an  assortment  of  '^  novel- 
ties''of  all  kinds,  there  was  no  reason  why  the  Indians  should  trouble 
themselves  further  to  obtain  domestic  copper  by  the  toilsome  process  of 
searching  and  digging  for  it,  because  they  now  had  not  only  a  ready  and 
sufficient  supply  of  that  metal  for  ornamental  purposes,  but  were  intro- 
duced to  many  other  things  of  superior  attractiveness,  especially  iron, 
in  the  form  of  knives,  hatchets,  etc.,  which  at  once  superseded  copper 
for  x>ractical  use.    "  The  Chippewa  chief,  Kontika,  asserted  in  1824 
that  but  seven  generations  of  men  had  passed  since  the  French  brought 
them  brass  kettles;  at  which  time  their  people  at  once  laid  aside  their 
own  manufactures  and  adopted  those  of  the  French.^'  ♦    The  testimony 
of  the  earliest  voyagers  to  the  possession  of  copper  ornaments  by  the 
natives  is  therefore  of  imi)ortance,  because  there  was  very  soon  enough 
of  the  imported  article  in  the  country  to  make  a  show.    Incidentally, 
also,  archaeologists  have  to  keep  this  fact  of  foreign  importation  in 
mind  in  deciding  upon  the  origin  of  copper  articles  in  "  finds."    Lake 
Superior  copper,  of  which  pre-Columbian  Indian  articles  were  made, 
occnrs  in  the  native  state,  and  is  free  from  the  impurities  which  are 
found  in  copper  that  has  been  smelted,  so  that  chemical  analysis  could 
often  decide  whether  a  given  specimen  was  of  native  origin  or  imported* 
On  some  copper  articles  found  in  the  north,  specks  of  silver  have  been 
noticed.    This  is  a  sure  token  of  Lake  Superior  copper  which  has  never 
been  melted. 

In  the  absence  of  evidence  that  the  Indians  of  the  United  States  had 
any  knowledge  of  smelting,  it  must  be  inferred  that  all  the  copper  they 
possessed  was  found  in  the  metallic  or  native  state.  There  is  nothing 
to  show  that  they  were  aware  of  the  existence  of  copper  ore  as  a  source 
of  metal.  No  remains  of  smelting  places,  or  slag,  or  other  indications 
of  metallurgical  operations  have  yet  been  found.  If  they  had  known 
smelting  they  could  have  had  an  ample  supply  of  the  metal,  because 
ores  of  copper  are  comparatively  abundant  in  the  United  States,  while, 
as  a  matter  of  fact,  copper  was  a  rarity  with  them.  Native  copper  occurs 
in  small  quantities  in  many  places  in  the  United  States,  but  there  is  no 
evidence  at  present  that  the  northern  Indians  had  knowledge  of  any 

*  {Jclioolcraity  vol.  iv,  i).  U2. 
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but  two  localities  where  it  eould  be  obtained  in  any  quantity.  These 
were  the  Coppermine  River  in  tlie  British  Possessions,  and  the  Lake 
Superior  copper  district.  The  latter  affords  the  most  remarkable  occur- 
rence of  native  copper  in  the  world,  and  the  present  mines  on  Keweenaw 
Peninsula — including  the  famous  Calumet  and  Hecla,  the  Tamarack, 
Quincy,  and  others — are  of  world-wide  fame.  The  same  deiiosits  were 
worked  superficially  over  their  whole  extent  long  before  the  advent  ol 
Europeans  to  these  shores. 

By  referring  to  the  map  of  Michigan  it  will  be  seen  that  Keweenaw 
Peninsula  is  a  prominent  geographical  feature  and  extends  a  consid 
erable  distance  into  Lake  Superior.  Its  northwestern  shore  and  th( 
continuation  thereof  through  Ontonagon  County  is  practically  paralle 
to  the  opposite  or  north  shore  of  the  lake.  Through  the  middle  o 
Keweenaw  Point  runs  a  belt  of  elevated  land  which  is  several  hundrec 
feet  above  the  lake  in  some  places,  and  extends  from  the  extreme  poim 
through  the  peninsula  and  Ontonagon  County  into  Wisconsin.  Thii 
elevated  belt,  which  is  known  as  the  "mineral  range,^  sometimes  rise 
into  bluffs  which  are  abrupt  on  the  southeastern  or  shoreward  side 
but  sloping  in  the  opposite  direction  or  toward  the  lake.  The  dip  o 
the  formation  composing  this  range  (sandstone,  and  sheets  of  igneou: 
rock,  including  conglomerates)  is  in  a  general  northwesterly  direction 
or  towards  the  lake  and  the  north  shore.  On  Isle  Royale,  near  th( 
north  shore  of  the  lake,  the  same  formation  occurs,  but  dipping  in  thi 
opposite  direction,  viz,  to  the  southeast  or  towards  Keweenaw.  "Trap 
rock  carrying  copper  is  also  found  on  the  north  and  east  shores  of  tb 
lake  at  St.  Ignaceand  Michipicoten  Island.  The  copper- bearing  serie 
of  the  "mineral  range"  consists  of  sheets  of  igneous  rocks — diabase 
diabase-amygdaloid,  and  melaphyr — which  include  beds  of  coDglom 
erate  all  carrying  native  copper.  Both  of  these  classes  of  rocks  an 
mined.  The  famous  Calumet  and  Hecla  mine  is  in  the  conglomerate 
as  is  also  the  Tamarack,  while  the  Quincy,  Atlantic,  and  others  areii 
the  amygdaloid  rocks. 

The  product  of  the  mines  is  divided  by  the  miners  into  three  classes, 
stamp  rock,  "  barrel  work,''  and  mass  copper.  By  stamp  rock  is  meant 
that  which  contains  the  copper  in  fine  x)articles  and  is  sent  to  the  pow- 
erful steam  stamps  to  be  cnished,  in  order  to  separate  the  grains  ol 
copper  by  washing  (jigging),  just  as  gold-bearing  quartz  is  stamped. 
"Barrel  work"  means  the  i)ieces  of  copper  which  are  large  enough 
to  be  detached  from  the  rock  without  stamping  and  are  packed  iu 
barrels  and  sent  directly  to  the  smelters.  They  vary  in  size  from  pieces 
about  as  large  as  the  hand  to  those  not  too  large  to  be  conveniently 
packed  in  barrels.  Pieces  too  large  for  this  constitute  the  third  class» 
"  mass  copper,"  which  includes  the  huge  pieces  of  many  tons'  weigh* 
which  are  occasionally  met  with.  All  this  copper  shows  a«  such  in  the 
rock,  and  the  ancient  miners  had  only  to  follow  down  a  promising  out 
crop  showing  "barrel  work"  for  a  few  feet  and  hammer  away  the  rock 
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from  the  copper  to  secure  the  latter.  When  tliey  came  upon  mass  cop- 
per they  were  compelled  to  abandon  it,  after  hammering  off  projecting 
pieces,  because  they  had  no  tools  for  cutting  it  up  and  removing  it. 
Several  instances  of  this  sort  have  been  found. 

The  ancient  mines  were  not  mines  in  the  strict  sense  of  the  word, 
because  they  were  not  underground  workings.  As  described  by  Whit- 
tlesey, who  examined  them  at  an  early  date,*  they  were  shallow  pits 
or  trenches,  and  sometimes  excavations  in  the  fa<;es  of  the  cliffs,  scat- 
tered along  the  mineral  range  from  Ontonagon  to  near  the  end  of  the 
peninsula.  At  the  time  modern  mining  began  they  had  become  mere 
depressions  in  the  ground,  owing  to  the  accumulations  of  earth,  leaves, 
and  decayed  vegetable  matter  within  them.  Forest  trees  were  grow- 
ing in  them  and  upon  the  waste  thrown  out  of  them,  so  that  it  was 
difficult  to  distinguish  them  from  natural  depressions  due  to  the  weather- 
ing of  the  rock  beneath  the  soil,  or,  in  some  cases,  from  the  hollows 
left  by  the  upturned  roots  of  fallen  trees.  After  their  character  was 
discovered,  however,  they  served  as  guides  to  the  modern  miners,  who 
often  sank  shafts  upon  the  copper-bearing  rocks,  which  were  revealed 
by  clearing  them  out.  Ko  mine  has  been  opened  on  the  lake  that  was 
not  thus  *^ prospected"  by  the  old  miners.  Trenches  like  those  on 
Keweenaw  Point  and  Ontonagon,  but,  if  anything,  more  elaborate,  were 
tound  on  Isle  Royale,  and  Sir  William  Logan  mentioned  similar  work- 
ings on  the  east  shore  of  the  lake  near  Maimanse.  All  of  these  work- 
ings contained  stone  hammers  or  mauls,  amounting  in  all  to  a  countless 
number. 

A  few  wooden  shovels,  strongly  resembling  canoe  paddles,  were 
found  in  some  of  the  diggings,  together  with  the  remains  of  wooden 
bowls  for  baling,  birch-bark  baskets,  and  some  spear  or  lance  heads 
and  other  articles  of  copper.  In  Ontonagon  County  the  old  workings 
^ere  for  the  most  part  shallow  depressions  only  a  few  feet  deei).  Some 
of  them  in  the  bluff*  which  showed  outcroppings  of  copper  rock  were 
hardly  large  enough  to  shelter  a  bear,  while  others  were  larger.  In 
Houghton  County  (i.  e.,  on  the  Keweenaw  promontory)  on  the  Quincy 
location,  there  were  broad  and  deep  pits  in  the  gravel,  probably  dug 
for  the  float  copper,  lumps  of  which  are  still  met  with  in  the  iieighbor- 
hood.  At  the  Central  mine,  further  out  on  the  point,  there  was  a  pit 
Med  in  with  rubbish,  which  was  at  first  supposed  to  be  natural.  It 
^as  5  feet  deep  and  30  long.  On  examination,  a  ''flat  piece  of  copper, 
'^  to  9  inches  thick  and  9  feet  long,  was  found,  which  formed  part  of 
apiece  still  in  the  vein.  Broken  stone  mauls  were  all  about  it,  show- 
>"g  that  the  miners  could  do  nothing  with  it.  Its  upper  edge  had  been 
^ten  by  the  stone  mauls  so  severely  that  a  lip  or  projexiting  rim  had 
informed,  which  was  bent  downwards."  Otlier  localities  toward 
tte  end  of  the  peninsula  and  at  the  Copper  Falls  location  are  described 
by  Mr.  Whittlesey,  and  as  late  as  1800  depressions  in  the  ground,  of 

•  Smilhsonian  ConU-ibutions,  vol.  Xlll,  1862, 
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small  dimensions,  were  i>ointed  out  to  the  writer  at  the  latter  place  a6 
the  work  of  the  old  miners.  Modern  miners  would  regard  the  whole 
system  as  nothing  more  than  prospecting  work  and  not  mining  proper, 
as  there  were  no  shafts  or  tunnels  or  underground  workings  of  any 
kind.  As  Mr.  Whittlesey  expressed  it,  ^'the  old  miners  performed  the 
part  of  the  surface  explorers." 

I  am  fortunate  in  being  able  to  add  to  the  foregoing  the  testimony  of 
an  eye-witness  of  some  other  discoveries  in  this  district,  viz,  that  of 
Mr.  J.  H.  Forster,  a  well-known  mining  engineer  who  lived  in  the  dis- 
trict many  years.  He  was  at  one  time  superintendent  of  one  of  the 
mines,  and  was  engaged  on  the  Portage  Lake  Ship  Canal  as  State 
engineer  when  the  canal  was  opened,  when  he  discovered  some  copper 
articles  in  an  ancient  grave  at  that  point.  He  writes  in  regard  to  the 
discovery  of  old  operations:  "  The  largest  mass  of  float  copper  found 
in  modern  times  -  -  -  weighed  18  tons,  and  contained  very  little 
rocky  matter.  When  found  in  the  woods,  on  the  Mesnard  location,  it 
was  covered  with  moss  and  resembled  a  flat  trap  bowlder.  It  had  been 
manipulated  by  the  '  ancient  miner,'  and  much  charcoal  was  found 
around  it.  Its  top  and  sides  were  pounded  smooth,  and  marks  of  stone 
hammers  were  apparent.  All  projections— every  bit  of  copper  that 
could  be  detached — ^liad  been  carried  away.  -  -  -  Subsequent 
explorations  disclosed  the  epidote  lode  whence  the  mass  came — torn 
from  its  matrix  doubtless  by  the  ice.  The  mass  had  been  transported 
only  about  50  feet  and  dropped  on  a  ridge.  When  the  lode  was  stripped 
of  the  drift  the  jagged  edges  of  a  mass  in  place  were  exposed.  It  was 
of  the  same  length,  thickness,  and  structure  of  the  Afloat.'  It  was 
observed  at  the  time  that  if  the  *  float'  could  be  set  up  on  edge  on  the 
piece  in  place  it  would  fit  in  exaetly.  A  beautiful  illustration  of  the 
power  and  direction  of  the  glacier  was  thus  afforded."  Mr.  Forster 
was  i^resent  when  the  famous  Calumet  conglomerate  lode  was  opened. 
At  that  point  a  small  mound  was  found  in  the  woods,  while  explora- 
tions were  in  progress,  upon  which  large  pine,  maple,  and  birch  trees 
were  growing.  Koots  of  trees  still  more  ancient  were  found  in  the 
drift.  After  stripping  off  the  timber  a  pit  was  sunk,  which  reaehed 
the  solid  conglomerate  at  the  depth  of  15  feet.  "But  it  was  a  hard 
rock  filled  with  stamp  copper  only,  and  could  not  be  mined  by  the 
ancient  miners." 

Numerous  stone  hammers  and  birch-bark  baskets  were  found  in  the 
workings.  Mr.  Forster  thinks  the  dirt  was  carried  out  of  the  pit  in 
these  baskets.  On  the  north  side  of  Portage  Lake,  on  the  extension  of 
the  Isle  lioyale  lode  (opposite  Houghton),  the  drift  being  shallow, 
"long  trenches  were  dug  on  the  back  of  the  lode  3  feet  wide  and  deep. 
There  was  much  small  mass  or  nugget  copi)er  (barrel  work^  released  by 
the  disintegration  of  the  soft  epidote  vein  stone."  This  was  thrown 
out,  while  the  earth  was  thrown  behind  the  miner  as  he  advanced,  and 
the  work  resembled  that  of  an  expert  "  navvy."    No  evidence  of  deep 


IX  NORTH   AMERICA.  183 

miniDg  could  be  found.  As  usual,  stone  hammers  and  charcoal  were 
found  in  the  trenches.  A  remarkably  deep  trench  which  wa«  tilted 
with  earth  and  lejives  was  discovered  at  the  South  Pewabie  (now 
Atlantic)  mine,  several  miles  west  of  the  last  locality,  which  extended 
2  or  3  feet  into  the  solid  rock.  At  the  bottom  "  was  a  well-defined 
transverse  fissure  vein  of  quartz,  about  2  feet  wide,  containing  here 
and  there  chunks  of  solid  copper.  By  the  several  pits  sunk  on  the 
course  of  the  vein,  proof  was  had  that  it  had  been  worked  superficially 
several  hundred  feet  in  length.  I  walked  through  it  a  long  distance. 
The  surface  of  the  formation  was  shattered  and  decomposed,  hence  the 
old  miners  could  come  at  the  quartz  handily.  They  did  not  carry  the 
rock  out  to  the  surface  to  dump  it,  but  piled  it  up  neatly  on  each  side 
of  the  drift.  At  one  point  I  found  a  handsome  specimen  of  quartz  and 
copper  laid  up  carefully  in  a  niche.  It  weighed  several  pounds.  -  -  - 
As  in  other  eases,  we  had  proof  that  the  ancient  miner  did  not  sink 
any  shafts  and  do  real  mining;  he  was  only  a  surface  gleaner.''  Of 
the  ancient  workings  on  Isle  Royale,  on  the  north  shore  of  the  lake, 
which  were  very  extensive  and  have  been  described  as  extending  20 
feet  and  more  in  the  solid  rock,  Mr.  Forster  says:  "  As  I  nnderstand  it, 
these  extensive  works  were  upon  a  high  outcrop,  promising  natural 
drainage.  And  I  should  infer  from  what  I  heard  from  Mr.  A.  C.  D<avis, 
the  agent,  and  others  who  opened  the  Minong  mine*  that  the  ancient 
workings  were  among  disturbed  shattered  rocks,  among  which  were 
found  much  mass  copper  and  barrel  work.  The  ancients  were  after 
these  pieces  of  copper.  Mr.  Davis  found  many  considerable  masses, 
handled  and  beaten  by  the  ancient  men,  which  were  too  large  for  them 

to  carry  away."  t 

■    ■ —      > 

*0n  Isle  Royale. 

t  I-^om  aletter  to  the  writer.  Mr.  Fowter  refers  to  the  views  of  another  miniDg  man 
on  the  old  copper  workings  on  Keweenaw,  who  was  the  agent  (or  superintendent)  of 
the  Meenard  mine,  and  his  opinions  as  an  expert  are  valuable.  Mr.  Forster's  letter 
continues  as  follows : 

"Mr.  Jacob  Houghton,  in  a  paper  entitled  *The  Ancient  Copper  Mines  of  Lake 
Superior/  says,  speaking  of  the  so-called  ancient  mines: 

"'Their  mining  operations  were  crude  and  primitive.  The  process  was  to  heat 
the  embedding  rocks  by  building  iires  on  the  outcrops  of  the  veins  or  belts,  to  par- 
tially disintegrate  the  rocks  by  contraction  produced  by  the  sudden  throwing  on  of 
^iter,  and  to  complete  the  removal  of  the  pieces  of  native  copper  by  mauling  off  the 
adhering  particles  of  rock  with  stone  hammers.  This  is  attested  by  the  pres- 
^C8  in  all  ancient  pits  of  large  quantities  of  charcoal  and  numberless  hammers,  the 
l»tter  showing  marks  of  long  usage.  Tl^e  miners  had  not  advanced  to  any  knowl- 
^^  of  the  artificial  elevation  of  water,  as  is  shown  by  the  fact  that  apparently,  in 
^^  cases,  the  pits  have  only  been  sunk  to  a  depth  where  the  limit  in  man  power  in 
haling  ont  the  water  is  reached. 

'"The  pits,  the  charcoal,  the'stone  hammers,  and  the  implements  and  tools  made 
of  copper  are  the  only  relics  left  of  the  races  that  wrought  these  mines.  Neither  a 
S^ve,  vestige  of  a  habitation,  skeleton,  or  bone  has  been  found. ' 

"In  connection  with  these  last  remarks  by  Mr.  Houghton,  I  beg  to  state  that  while 
I  was  State  engineer  on  the  Portage  Lake  and  Lake  Superior  Ship  C«aia\,\Xi^«vv^ct« 
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At  the  MiuDesota  mine,  in  Ontonagon  County,  was  found  a  large 
pieee  of  mass  copper  whicli  bad  been  raised  some  distance  in  the  exca- 
vation and  abandoned  by  the  old  workers.  As  this  was  the  first  large 
mass  discovered,  and  gave  rise  to  considerable  speculation,  it  deserves 
special  mention. '  The  account  is  taken  trom  Forster  and  Whitney's 
report  on  the  geology  of  the  Lake  Superior  copper  region,  and  is  as 
follows:  In  the  winter  of  1847-'48,  Mr.  Knapp,  the  agent  of  the  Min- 
nesota, found  an  artificial  cavern  on  the  mine  location  containing  stone 
hammers,  and  at  the  bottom  was  a  vein  with  jagged  projections  of 
copper.  After  the  snow  had  left  in  the  spring  he  found  other  excava- 
tions, and  particularly  one  26  feet  deep,  filled  with  clay  and  a  matted 
mass  of  moldering  vegetable  matter.  On  digging  18  feet  he  came  to  a 
mass  of  native  copper  10  feet  long,  3  feet  wide,  and  nearly  2  feet  thick, 
weighing  over  6  tons.  "  On  digging  around  it  the  mass  was  found  to 
rest  on  billets  of  oak  supported  by  sleepers  of  the  same  material. 
This  wood,  by  its  long  exposure  to  dampness,  is  dark-colored  and  lias 
lost  all  of  its  consistency.  A  knife  blade  may  be  thrust  into  it  as 
easily  as  into  a  peatbog.  The  earth  was  so  packed  around  the  copper 
as  to  give  it  a  firm  support.  The  ancient  miners  had  evidently  raised 
it  about  5  feet  and  then  abandoned  the  work  as  too  laborious.  They 
had  taken  off  every  projecting  point  which  was  accessible,  so  that  the 
exposed  surface  was  smooth.  Below  this  the  vein  was  subsequently 
found  filled  with  a  sheet  of  copper  5  feet  thick  and  of  an  undetermined 
extent  vertically  and  longitudinally.  -  -  -  The  vein  was  wrought 
in  the  form  of  an  open  trench,  and  where  the  copper  was  most  abundant, 

intendent  in  laying  water  pipes  opened  a  very  old  grave.  The  g^rave  was  in  the 
yellow  sand,  in  a  grove  of  Norway  pines,  near  Lake  Superior.  At  the  bottom  there 
was  an  exceedingly  thin  layer  of  mold,  darker  than  the  sand.  Some  human  teeth 
were  fonnd  and  a  string  of  copper  beads  strnng  on  sinews.  The  sinews,  mnoh 
decayed,  still  held  the  beads  in  place.  The  copper  bead  was  a  small  thin  piece  of 
copper  about  one-fourth  of  an  inch  long.  It  was  rudely  bent  into  a  cylinder  for  the 
string  to  pass  through,  but  was  not  welded ;  the  edges  were  in  contact,  but  not 
fastened  together.    This  grave  was  at  the  Grand  Portage  or  carrying  place. 

''  In  dredging,  the  dipper  brought  up  from  the  bed  of  the  ship  canal  where  the 
sand  drift  had  originally  been  at  least  25  feet  deep,  several  perfect  stone  hammen 
and  a  copper  implement  which  I  pronounced  to  have  been  the  head  and  ferule  of  • 
pike  pole.  It  was  about  18 inches  long,  tapering,  sharp,  and  solid  for  two-thirds  the 
distance  from  the  small  or  lower  end.  At  the  upper  or  pole  end  the  copper  had  been 
flattened  out  and  then  bent  round  to  form  a  socket  for  the  pole.  There  was  a'slight 
opening  between  the  two  edges  of  the  curved  copper ;  it  was  not  joined  or  welded. 
The  pike  was  bright  and  shining  like  a  clean  copper  kettle. 

**I  saw  it,  and  it  was  dredged  from  the  bottom  of  the  canal,  and  its  position,  a« 
regards  strata,  was  under  the  drift  or  dune  stind  and  on  the  hard  gravel  and  clay 
underlying.  I  know  of  no  other  finds  in  that  section.  The  gravel  and  hard  p«B 
found  in  the  bottom  of  the  dredged  canal  I  regarded  as  the  bed  of  the  ancient 
stream  or  estuary,  now  filled  up  with  drift  sand  blown  in  from  Lake  Superior. 
How  much  the  glacial  drift  had  to  do  in  filling  up  the  ancient  gorge  in  which  the 
present  canal  is  only  a  line,  I  can  not  say.  In  some  of  the  marshes  cut  by  the  canal 
were  found  three  distinct  forest>8,  one  growing  on  top  of  the  other,  to  a  depth  of  1^ 
feet." 
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there  the  excavations  extended  deepest.  The  trench  is  generally  Ulled 
to  within  a  foot  of  the  surface  with  the  wash  from  the  surrounding 
mrface,  intermingled  with  leaves  nearly  decayed.^'  Whittlesey  says 
)f  this  mass :  "  Its  upper  surface  and  edges  were  beaten  and  pounded 
imooth,  all  the  irregularities  taken  off,  and  around  the  outside  a  rim 
)r  lip  was  formed,  bending  downwards.  -  -  -  Such  copper  as  could 
)6  separated  by  their  tools  was  thus  broken  off;  the  beaten  surface 
ras  smooth  and  polished. 

"On  the  edge  of  the  excavation  in  which  the  mass  was  found  there 
itood  an  ancient  hemlock,  the  roots  of  which  extended  across  the  ditch. 
1  counted  the  rings  of  annual  growth  on  its  stump  and  found  them  to 
)e290."  Mr.  Knapp  felled  another  tree  growing  in  a  similar  position, 
vhkh  had  395  rings.  "  The  fallen  and  decayed  trunks  of  trees  of  a 
previous  generation  were  seen  lying  across  the  pits."  A  shaft  was 
mbsequently  sunk  on  the  lode  revealed  by  this  trench,  which  was  in 
rich  ^ound,  to  a  great  depth.  The  abandonment  of  this  mass  of  cop- 
per formerly  gave  rise  to  conjectures.  It  was  supposed  that  the  ancient 
miners  were  interrupted  in  their  work  "by  some  tenible  pestilence 

-  -  or  by  the  breaking  out  of  war;  or,  as  seems  not  less  probable, 
t)y  the  invasion  of  the  mineral  region  by  a  barbarian  race,  ignorant  of 
^11  the  arts  of  the  ancient  Mound-builders  of  the  Mississippi  and  of 
Lake  Superior.''*  But  from  a  consideration  of  the  evidence  of  the 
character  and  scope  of  the  old  workings  which  we  now  possess  it  will 
t)e  seen  that  it  is  unnecessary  to  go  so  far  for  an  explanation.  As  was 
clearly  the  case  at  the  Central  and  Mesnard  mines  and  on  Isle  Eoyale, 
the  mass  at  the  Minnesota  was  abandoned  by  the  old  miners  because 
they  found  it  impossible  to  get  any  more  pieces  from  it.  They  had  no 
tools  which  could  cut  it,  and  even  at  the  present  time  mass  copper  is 
the  least  desirable  form  in  which  the  metal  presents  itself  in  the  mines, 
^n  account  of  tlie  labor  and  expense  of  cutting  it  up,  although  there 
»re  steel  tools  especially  invented  for  the  purpose.  The  practice  of 
hammering  off  pieces  from  mass  copper  is  mentioned  by  visitors  to  the 
iake  from  the  French  missionaries  down  to  Schoolcraft.  There  was  a 
^arge  mass  on  the  Ontonagon,  which  has  been  in  the  Smithsonian  Insti- 
tution for  many  years,  which  was  considerably  reduced  in  size  in  this 
^ay  in  the  course  of  a  hundred  and  fifty  years  by  casual  visits. 

A  great  antiquity  has  been  assigned  to  these  workings  by  some 
writers,  and  it  used  to  be  supposed  that  a  busy  industry  was  suddenly 
iBtermpted  in  them  at  some  time  over  five  hundred  years  ago.  The 
^  with  three  hundred  and  ninety-five  rings  of  growth  has  been  used 
^  support  an  argument  that  the  workings  must  have  been  abandoned 
*t  least  as  long  ago  as  the  middle  of  the  fifteenth  century,  or,  to  be 
^^act,  reckoning  from  1847,  before  the  year  1452.  This  would  be  at 
l^ast  forty  years  before  the  voyage  of  Columbus  and  eighty-four  years 
"^fore  Cartier  visited  Montreal.    Although  it  may  be  true  that  work 

*  Wilson ;  Prehistoric  Man,  vol.  i,  p.  278. 
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ceased  at  the  particular  trench  where  that  tree  was  felled  at  the  date 
indicated,  it  does  not  necessarily  follow  that  all  the  workings  were 
abandoned  at  the  same  time.  Indeeil,  the  tree  which  grew  on  the 
dump  of  the  pit  where  the  Minnesota  mass  was  found  did  not  begin  its 
growth  until  over  a  hundred  j^ears  later,  or  after  the  French  had  been 
up  the  St.  Lawrence  and  there  had  been  considerable  traffic  with 
Europeans  on  the  seacoast.  How  ]oii g  a  parte  ante  the  whole  system 
had  been  worked  can  only  be  a  matter  of  conjecture.  When  one 
reflects  that  many  hundreds  of  men  were  busily  engaged  for  several 
consecutive  seasons,  with  all  the  feverish  energy  born  of  the  modern 
thirst  for  gold,  in  the  diggings  of  any  one  of  the  placer  camps  which 
are  now  seen  abandoned  in  Idaho,  Oregon,  and  California,  it  will  be 
apparent  that  the  old  miners  on  Lake  Superior  must  have  taken  along 
time  for  their  leisurely  work.  Their  tools  were  primitive,  their  work 
was  desultory,  and  they  knew  nothing  about  the  desire  of  wealth. 
Primitive  peoples  are  supi)osed  not  to  have  prosecuted  any  industry 
persistently  and  assiduously,  like  modern  civilized  men.  Where  there 
are  no  wages,  no  expenditures,  no  companies  and  employes,  no  stocks 
or  fluctuations  of  the  market,  nothing  even  which  can  be  called  a 
demand,  there  is  no  nfeed  of  pushing  a  laborious  work.  It  was  also, 
probably,  only  in  the  summer,  and  it  may  have  been  only  at  considera- 
ble intervals,  that  Keweenaw,  Ontonagon,  and  Isle  Eoyale  were  visited 
for  copper.  It  must  also  not  be  forgotten  that  the  ancient  miners  only 
carried  away  "barrel  work."  They  were  forced  to  abandon  mass 
copper.  Barrel  work  from  the  excavations  and  float  copper  from  the 
neighboring  and  remote  drift  would  furnish  the  material  necessary  for 
all  the  tools,  weapons,  and  ornaments  that  have  been  found,  and 
although  the  quantity  of  copper  from  these  sources  was  small  when 
reckoned  in  tons,  yet  the  desultory  and  selective  kind  of  mining  which 
produced  it,  especially  if  carried  on  by  a  comparatively  small  number 
of  persons  over  such  an  extensive  territory  as  the  mineral  range  of 
Keweenaw,  would  naturally  require  an  indeflnite  length  of  time. 

From  the  historical  references  whi(*h  will  be  presently  considered,  it 
will  appear  that  Keweenaw  and  Ontonagon  were  known  as  a  copper 
district  at  the  time  the  French  arrived  in  Canada.  But  as  it  has  been 
imagined  that  an  extinct  race  superior  in  culture  to  Indians  opened  the 
trenches  and  mined  copper  tliere,  it  may  be  well  to  give  a  comparatively 
modern  instance  of  a  similar  search  for  copper  by  Indians  before  taking 
up  the  historical  argument.  Such  an  instance  is  afforded  in  Hearne's 
narrative  of  his  journey  from  Prince  of  Wales's  Fort  in  the  Hudson's 
Bay  Company's  territory  to  the  Coppermine  River  in  1771.  Ilearne 
was  an  employ^  of  the  Hudson's  Bay  Company,  and  undertook  the  expe- 
dition in  the  interest  of  the  company.  His  party  was  composed  of 
Indians  who  were  not  very  far  removed  in  i)oint  of  culture  from  their 
savage  stone-using  ancestors  of  three  or  four  generations  previous,  and 
no  better  idea  could  be  gained  of  the  character  and  life  of  neolithic  man 
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as  he  was  in  tbat  part  of  the  world,  of  liis  metliods  of  obtaining  subsist- 
JDce,  bis  general  degree  of  development,  and,  incidentally,  his  stealth 
md  ferocity  in  attack  on  his  neolithic  fellow-men,  than  is  contained  in 
bis  book.  After  a  journey  of  several  months  through  barren  wastes, 
luring  which  he  endured  the  greatest  hardships  and  was  in  danger  of 
tanration,  Hearne  reached  the  Coppermine  lliver,  and,  after  his  sav- 
ges  bad  surprised  and  murdered  some  unsuspecting  Esquimaux,  he 
kited  the  copper  *'  mine,'^  which  he  thus  describes:  '*  This  mine,  if  it 
eserve  that  appellation,  is  no  more  than  an  entire  jumble  of  rocks  and 
Tavel,  which  has  been  rent  many  ways  by  an  earthquake.  Through 
hese  ruins  there  runs  a  small  river.  The  Indians  who  were  the  occa- 
ion  of  my  undertaking  this  journey  represented  this  mine  to  be  so  rich 
nd  valuable  that  if  a  factory  were  built  at  the  river  a  ship  might 
•e  ballasted  with  the  ore  instead  of  stone.  -  -  -  By  their  account 
he  hills  were  entirely  composed  of  that  metal,  all  in  handy  lumps  like 
.  heap  of  pebbles.  But  their  account  ditfered  so  much  from  the  truth 
hat  I  and  almost  all  my  companions  expended  near  four  hours  in 
«arcb  of  some  of  this  metal,  with  such  poor  success  that  among  us  all 
►nly  one  piece  of  any  size  could  be  found.  This,  however,  was  remark- 
ably good,  and  weighed  above  4  pounds.  I  believe  the  copper  has 
oniierly  been  in  much  greater  plenty;  for  in  many  places,  both  on  the 
furface  and  in  the  cavities  and  crevices  of  the  rocks,  the  stones  are 
«ucb  tinged  with  verdigris.^  They  afterwards  found  smaller  pieces 
rftbe  metal. 

fle  goes  on  to  remark  that  the  Indians  imagined  that  every  bit  of 
»pper  they  fbund  resembled  some  object  in  nature,  but  hardly  any  two 
ioold  agree  what  animal  or  i)art  of  an  animal  a  given  piece  was  like. 
3e  also  says  that  by  the  help  of  fire  and  two  stones  the  Indians  could 
^at  a  piece  of  copper  into  any  shape  they  wished.  The  Indijins  were 
"eally  hving  in  a  copper  age  of  their  own.  HeaiTie  says:  "Before 
^hurcbill  River  was  settled  by  the  Hudson's  Bay  Company,  which  was 
lot  more  than  fifty  years  previous  to  this  journey  being  undertaken, 
^Iie  northern  Indians  had  no  other  metal  but  copper  among  them, 
ixcept  a  small  quantity  of  ironwork,  which  a  party  of  them  who  vis- 
ted  York  Fort  about  the  year  1713  or  1714  purchased,  and  a  few  pieces 
rf  old  iron  found  at  Churchill  River,  which  had  undoubtedly  been  left 
there  by  Capt.  Monk.  This  being  the  case,  numbers  of  them  from  all 
^narters  used  every  summer  to  resort  to  these  hills  in  search  of  copper, 
of  wbich  they  made  hatchets,  ice-chisels,  bayonets,  knives,  awls,  arrow 
iieads,  etc.  The  many  x)aths  that  had  been  beaten  by  the  Indians  on 
these  occiisions  and  which  are  yet  in  many  places  very  perfect,  espe- 
cially on  the  dry  ridges  and  hills,  is  surprising.  The  Copper  Indians  set 
^  great  value  on  their  native  metal  even  to  this  day,  and  prefer  it  to  iron 
for  almost  every  use  except  that  of  a  hatchet,  a  knife,  and  an  awl;  for 
tt^  three  necessary  implements  copper  niakes  but  a  very  poor  substi- 
tttte,"   The  Esquimaux  tents  were  plundered   of  their   copper  by 
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Heame's  Indians.  They  found  arrows  "  shod  with  a  triangular  piece 
of  black  stone,  like  slate,  or  a  piece  of  copper."  "  Their  [the  Esqui- 
maux] hatchets  are  made  of  a  thick  lump  of  copper,  about  5  or  6  inches 
long  and  firom  IJ  to  2  inches  square.  They  are  bevelled  away  at  one 
end  like  a  mortise  chisel.  This  is  lashed  into  the  end  of  a  piece  of  wood 
about  12  or  14  inches  long,,  in  such  a  manner  as  to  act  like  an  adze;  in 
general  they  are  applied  to  the  wood  like  a  chisel  and  driven  in  with  a 
heavy  club  instead  of  a  mallet.  Neither  the  weight  of  the  tool  nor  the 
sharpness  of  the  metal  will  admit  of  their  being  handled  either  as  adze 
or  ax  with  any  degree  of  success.'- 

This  testimony  of  a  modern  eye-witness  to  the  working  and  use  ol 
copper  by  aborigines  is  very  instructive,  and  it  requires  little  imagina 
tion  to  see  that  we  have  here  a  reproduction  of  the  conditions  that  pre 
vailed  on  Keweenaw  Point  two  and  three  hundred  vears  before.  The 
summer  visits  of  the  miners,  the  manufacture  of  the  copper  into  tooh 
and  weapons,  some  to  be  used  in  the  neighborhood  and  others  to  Ix 
carried  away  for  barter — for  Hearne  gives  the  rate  of  exchange  betweei 
copper  and  iron  from  tribe  to  tribe — were  doubtless  the  same  in  bott 
cases;  even  the  mythical  or  "medicine"  feature  of  the  subject,  whicl 
was  noticed  by  early  writers  in  the  stories  of  the  Indians  of  Laki 
Superior,  is  not  wanting  here.  The  Coppermine  story  was  that  i 
woman  (who  was  a  magician)  was  the  discoverer  of  the  mine  and  usee 
to  conduct  the  Indians  there  every  year.  Becoming  offended,  sh< 
refused  to  accompany  the  men  on  one  occasion  when  they  left  the  place 
after  loading  themselves  with  copper,  but  declared  that  she  would  sil 
on  the  mine  until  it  sank  with  her  into  the  ground.  The  next  yeai 
when  the  men  returned  (women  did  not  go  on  these  exx^itions)  8h< 
had  sunk  to  the  waist  and  the  quantity  of  copper  had  much  decreased 
On  the  next  visit  she  had  disappeared  and  the  principal  part  of  th4 
copper  with  her,  leaving  only  pieces  here  and  there  on  the  surface 
Before  this  untoward  event  the  copx)er  was  so  plentiful  that  the  Indiana 
had  only  to  turn  it  over  and  pick  out  such  pieces  as  would  best  suit 
the  different  uses  for  which  they  intended  it. 

From  this  account  it  will  be  seen  that  it  is  not  necessary  to  imagine 
a  mysterious  and  extinct  race  more  advanced  in  industrial  arts  than 
Indians  to  account  for  the  ancient  mines  on  Lake  Superior.  Besides, 
other  workings  requiring  as  much  labor  have  been  carried  on  by  Indians. 
The  catlinite  or  pipestone  quarry  in  Minnesota  was  worked  far  into 
the  present  century.  The  mica  mines  in  North  Carolina,  which  are 
now  worked,  were  operated  in  a  way  and  to  an  extent  suggestive  of  the 
Lake  Superior  copper  mines,  and  were  abandoned,  according  to  Prof. 
Kerr,  the  geologist  who  examined  them,  a  little  over  three  hundred 
years  ago,  or  after  the  arrival  of  the  whites.  There  are  also  novaculite 
mines  in  Arkansas,  obsidian  workings  in  the  Yellowstone  Park,  soap- 
stone  pottery  quarries  in  several  places  in  the  Eastern  States  and  in 
California,  and  especially  the  astonishingly  extensive  workings  at  Flint 
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Bidge,  Licking  Couuty,  Ohio,  where  chei-t  was  mined  and  manufactured 
into  various  articles  at  "  workshops"  on  the  grounds.  Some  of  these 
various  diggings  were  undoubtedly  the  work  of  "Indians;"  what  the 
others  were  must  be  left  to  arch  urologists  to  decide.  All  give  evidence 
that  the  natives  of  the  country  were  close  observers  and  possessed 
a  considerable  degree  of  skill  in  detecting  and  obtaining  the  various 
minerals  which  pleased  their  taste  or  were  of  use  in  their  simple  lives. 

The  reason  which  has  been  given  for  supposing  that  the  ancient 
miners  on  Lake  Superior  had  disappeared  before  the  arrival  of  the 
whites  is  that  the  Indians  made  no  mention  of  the  mines  to  the  French 
and  had  no  tradition  about  them.  But  the  first  French  explorers  of 
the  St.  Lawrence,  who  left  a  record  of  their  voyage,  were  informed  by 
the  Indians  even  of  the  Gulf — over  1,500  miles  away—  that  copper  came 
from  a  distant  country  in  the  west,  and  this  statement  was  confirmed 
as  they  proceeded  up  the  river.  The  same  stciry  was  repeated  a  hun- 
dred years  later,  after  settlements  had  been  made,  and  it  persisted  until 
the  source  of  the  copper  was  found. 

In  the  account  of  Cartier's  second  voyage,  in  1535,  given  in  Hakluyt, 
it  Is  stated  that  the  natives  of  the  south  shore  of  the  Gulf  of  St.  Law- 
rence informed  him  that  the  way  to  Canada  was  toward  the  west,  and 
that  the  north  shore  before  Canada  was  reached  was  the  beginning  of 
Sagnenay,  "  and  that  thence  commeth  the  red  copper  of  them  named 
Caignetdage."  Subsequently,  at  Hochelaga  (Montreal),  the  natives 
described  to  the  French  the  voyage  up  the  St.  Lawrence  and  the  Ottawa 
toSaguenay.  "Moreover,  they  showed  us  with  signs  that  the  said 
three  fals  being  past,  a  man  might  sayle  the  space  of  three  moneths 
more  alongst  that  river,  and  that  along  the  hills  that  are  on  the  north 
side  there  is  a  great  river  which  (even  as  the  other)  commeth  from  the 
west,  we  thought  it  to  be  the  river  that  runneth  through  the  countrey 
of  Saguenay;  and  without  any  sign  or  question  moove4  or  asked  of 
them,  they  tooke  the  chayne  of  our  Captaines  whistle  which  was  of 
silver,  and  the  dagger-haft  of  one  of  our  fellow  Mariners,  hanging  on 
Ws  side  being  of  yellow  copper  gilt,  and  shewed  us  that  such  stuflfe 
t*ame  from  the  said  River."  *'  Our  Captaine  shewed  them  redde  copper, 
which  in  their  language  they  call  Caignetadze,  and  looking  towards 
that  countrey  [in  a  different  direction  from  Sagnenay],  with  signs  asked 
them  if  any  came  from  thence,  they  shaking  their  heads  answered  no; 
bat  they  shewed  us  that  it  came  from  Sagnenay."  "But  the  right  and 
^^y  way  to  go  to  Sagnenay  is  up  that  way  to  Hochelaga  [Montreal], 
*nd  then  into  another  [river]  that  commeth  from  Sagnenay  [the  Ottawa] 
^d  then  entereth  into  the  foresaid  river  [the  St.  Lawrence]  and  that 
there  is  yet  one  moneths  sayling  thither.  Moreover  they  told  us  and 
?ave  us  to  understand  that  there  are  people     -  -     and  many 

*^habited  towns  and  that  they  have  great  store  of  gold  and  red  copper 
-  -    and  that  beyond  Sagnenay  the  said  river  entereth  into  two  or 
tliree  great  lakes,  and  that  there  is  a  sea  of  fresh  water  found,  and  as 
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they  have  heard  say  of  those  of  Saguenay,  there  was  never  man  beard 
that  found  out  the  end  thereof,  for  as  they  told  ns  they  theinaelv 
were  never  there." 

Allowing  for  the  difficulty  of  communicating  by  signs  and  the  max 
chances  of  misunderstanding,  of  which  the  interpretation  of  theludh 
signs  to  mean  gold  is  doubtless  an  instance,thisis  a  geographical  descri 
tion  which  can  almost  be  followed  on  the  map,  and  the  account  sho^ 
that  the  St.  Lawrence  Indians  knew  that  the  copper  they  had  came  frc 
a  place  in  the  west  where  there  were  great  lakes  and  a  "  sea  of  fre 
water."  This  was  all  hearsay  with  them,  as  they  had  never  visited  t 
distant  country,  which  was  inhabited  by  other  tribes.  But  it  seei 
evident  enough  that  there  was  at  that  time  a  widely  diffused  knowle^i 
of  the  source  of  the  copper,  which  would  hardly  have  been  the  case 
the  sui)ply  had  ceased  two  or  three  generations  before.  When,  ovei 
hundred  years  later,  French  settlements  had  been  established  a 
traders  and  missionaries  began  to  push  forward  to  the  great  "  sea 
fresh  water,"  they  continually  encountered  the  statement  that  copi 
could  be  found  on  its  shores,  and  Indian  guides  finally  took  them 
the  prec^ise  localities  where  the  metal  had  formerly  been  mined,  a 
whence  it  was  still  occasionally  obtained.  Copper  specimens,  soi 
times  of  large  size,  all  rei)orted  as  coming  from  Lake  Superior,  w 
not  uncommon,  at  this  time,  as  the  following  extracts  show,  and  it  see 
evident  that  Indians  still  visited  the  old  diggings  and  carried  aiv 
such  pieces  of  coi)per  as  they  could  find. 

The  Abb^  Sagard,  who  was  a  missionary  to  New  France  about  t 
year  1630,  gave  an  account  of  the  resources  of  the  country  in 
"Grand  Voyage  du  pays  des  Hurons,"  published  at  Paris  in  1632.  '. 
did  not  penetrate  as  far  as  the  upper  lakes,  but  says  that  there  w 
copper  mines  in  that  distant  country  which  might  prove  profitable 
there  was  a  white  population  to  support  them  and  miners  to  worktbt 
which  would  be  the  case  if  colonies  were  established.  He  saw^  a  spc 
men  of  copper  from  the  mines,  which,  he  says,  were  80  or  100  leagi 
distant  from  the  country  of  the  Hurons.  In  Margry's  D^courertes 
etablissenients*  den  Francais,  Premiere  parties  voyages  des  Francais  sur 
grands  lacs^  1614-1684,  p.  81,  is  an  extract  from  a  letter  relating  to 
exploration  for  copper  written  by  Sieur  Patoulet  in  Canada  to  Colh 
in  Paris.  It  is  dated  at  Quebec,  November  11, 1669,  and  is  as  follov 
*'  Messrs.  Joliet  and  P^n^,  to  whom  M.  Talon  paid  100  and  400  hvi 
resjieetively,  to  exi)lore  for  the  copper  deposit  which  is  above  La 
Ontario,  S|  >ecimens  from  which  you  have  seen,  and  ascertain  if  it  is  abui 
ant,  easy  to  work,  and  if  there  is  easy  transportation  hither,  have  not] 
returned.  The  first  named  should  have  been  here  in  September,  I 
there  is  no  news  of  him  yet,  so  that  a  report  of  what  may  be  ex\)ec\ 
of  the  mine  must  be  postponed  until  next  year."  On  page  95  of  1 
same  volume  is  a  letter  from  Jean  Talon  to  the  king,  dated  Qneb 
November  2, 1671,  in  which  occurs  the  following  reference  to  copp 
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one  locality  of  which  had  then  become  known :  "  The  copper  specimen 
from  Lake  Superior  and  the  Kantaouagon  (Ontonagon)  Elver  which  I 
send,  indicates  that  there  is  some  deposit  or  some  river  bank  which 
yields  this  substance  in  as  pure  a  state  as  could  be  wished,  and  more 
than  20  Frenchmen  have  seen  a  mass  of  it  in  the  lake  which  they  esti- 
mate at  eight  hundred  weight.  The  Jesuit  fathers  among  theOttawas 
use  an  anvil  of  this  metal  which  weighs  about  100  pounds.  It  only 
remains  to  find  the  source  of  these  detached  pieces."  He  then  gives 
some  description  of  the  Ontonagon  Elver,  in  which  he  attempts  to 
account  for  the  formation  in  situ  of  the  copper  specimens  found  in  its 
neighborhood  {galets  de  ce  mestail,  evidently  float  copper),  and  goes  on 
to  say:  "It  is  to  be  hoj^ed  that  the  frequent  journeys  of  the  Indians 
and  French,  who  are  beginning  to  make  expeditions  in  that  direction, 
will  result  in  the  discovery  of  the  place  which  furnishes  such  pure 
metal,  and  that  without  expense  to  the  king.'' 

The  passages  from  the  Jesuit  Eelatlons,  which  have  been  often  quoted 
in  this  connection,  show  that  the  mining  districts  were  well  known  to 
the  Indians.  Father  Dablon,  in  the  Eelations  for  1669-'70,  describes 
these  places,  of  which  he  was  informed  by  the  Indians.  The  first  was 
Michipicot^n  Island,  on  the  east  shore  of  the  lake;  then  came  St.  Ignace, 
on  the  north  shore,  and  then  Isle  Eoyale,  "  celebrated  for  its  copper, 
where  could  be  seen  in  the  cliffs  several  beds  of  red  copper  separated 
from  each  other  by  layers  of  earth."  The  other  principal  locality  was 
tlic  Ontonagon  river,  from  which  place  the  French  had  received  a  cop- 
per specimen  three  years  previously  which  weighed  100  pounds.  The 
Indian  (Ottawa)  women  of  this  region,  the  father  says,  while  digging 
holes  for  corn,  used  to  find  pieces  of  copper  (float  copper)  weighing  10 
and  20  pounds.  A  hundred  years  later  Alexander  Henry  mentions  the 
same  thing  of  this  locality,  and  adds  that  the  Indians  beat  the  pieces 
of  copper  into  bracelets  and  spoons.  Father  Dablon  goes  on  to  say 
that  opinions  differed  as  to  the  place  the  Ontonagon  copper  came  from 
Borne  thinking  it  was  near  the  forks  of  the  river  and  along  the  eastern 
l>''anch  (near  the  old  workings),  while  other  guessers  placed  it  elsewhere. 

The  information  the  Indians  gave  was  not  spontaneous,  for  Father 
l^ablon  says  that  it  lequired  some  address  to  Induce  them  to  reveal  the 
Duueralogical  secrets  which  they  wished  to  conceal  from  the  whites. 
This  reluctance  to  give  information  about  mineral  localities  has  sur- 
vived  down  to  a  very  recent  period,  and  stories  are  known  to  the  older 
residents  of  the  copper  district,  some  of  them  amusing  enough,  illus- 
trating this  trait.  At  all  events.  Father  Dablon's  Indians  knew  pre- 
cisely where  the  old  mining  localities  were.  He  says  he  was  assured 
that  in  the  land  to  the  south  there  were  deposits  (mines  is  the  French 
^ord)  of  the  metal  in  various  places.  He  hiul  just  been  speaking  of 
*^eweenaw  Point,  but  the  connection  is  not  close  enough  to  warrant 
tue  inference  that  he  meant  immediately  to  the  south  of  the  iM)int.  If 
that  could  be  shown,  there  would  be  a  direct  reference  to  the  "dig- 
Stogs"  on  the  peninsula. 
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Bat  most  of  the  misapprehension  in  this  matter  has  arisen  from  the 
use  of  the  misleading  term  "mine''  in  connection  with  this  district- 
We  associate  with  that  term  shafts  or  tunnels  and  ander-ground  work. 
ings,  none  of  which  ever  existed  on  the  lake.    The  ancient  miners  were 
not  miners  in  the  proper  sense  of  the  word  as  were  those  prehistoric 
men  who  mined  copper  ore  in  the  Tyrol,  or  those  other  prehistoricmiiie.s 
who  sank  shafts  and  ran  drifts  in  the  chert  deposits  of  Belgium.   On 
the  contrary,  they  were,  as  has  been  abundantly  shown,  only  surface 
prospectors,  and  appear  to  have  dug  for  copper  wherever  they  happened 
to  find  it.    If  the  pieces  were  loose  float  in  the  gravel,  as  at  the  Quincy 
location,  and  as  the  Ottawa  squaws  found  them  at  Ontonagon,  in  1670, 
and  the  later  Indians  in  Henry's  and  Schoolcraft's  time,  well  and  good, 
they  "  mined  "  them  and  beat  them  into  shape.    If  the  copper  was  in 
huge  masses  on  the  surface  as  at  the  Mesnard  they  "  mined  "  it  in  that 
shape  by  working  oflF  pieces  with  their  stone  hammers.    If  the  copper 
was  fast  in  the  rock  they  broke  it  out  by  hammeriug  the  rock  away 
flrom  it,  and  if  the  rock  extended  into  the  ground  they  dug  down  aroand 
it,  broke  away  what  "barrel  work  "  they  could,  and  treated  the  "  mass" 
as  they  did  that  already  dug  for  them  on  the  surface.    They  had  no 
idea  corresponding  to  the  word  mine.    Hence  there  is  no  apparent 
reason  why  there  should  have  been  much  of  a  distinction  in  the  minds 
of  people  who  were  not  miners  between  places  where  they  dug  copper 
out  of  the  gravel,  as  in  the  trenches  at  Quincy,  and  places  where  they 
were  obliged  to  dig  around  rocks  to  obtain  it. 

It  is  largely  the  undue  emphasis  upon  the  idea  of  mining  that  has  led 
writers  to  create  another  race  than  the  Indians  to  x>ractice  that  skilled 
art  on  Keweenaw  Point,  Isle  Eoyale,  and  the  Canadian  shore.  The  false 
or  exaggerated  idea  has  led  to  an  equally  exaggerated  inference.  All 
this  is  well  illustrated  in  a  passage  in  Wilson's  "Prehistoric  Man," 
describing  an  interview  with  an  old  Chippewa  chief  some  fifty  years 
ago.  He  was  asked  about  the  ancient  copper  miners,  and  declared  that 
he  knew  nothing  about  them.  The  Indians,  he  said,  used  to  have  copper 
axes,  but  until  the  French  came  and  blasted  the  rocks  with  x)owder 
they  had  no  traditions  of  the  copper  mines  being  worked.  His  fore- 
fathers used  to  build  big  canoes  and  cross  the  lake  to  Isle  Royale,  where 
they  found  more  copper  than  anywhere  else.  This  is  a  distinct  tradition 
enough  of  one  famous  copper  locality — Isle  Royiile — although  it  maybe 
unreliable  from  its  late  date,  but  the  story  shows  how  the  belief  that 
the  Indians  had  no  tradition  of  the  old  mines  could  originate.  The  old 
chief  very  properly  denied  knowing  about  a  thing  that  never  existed. 
His  ancestors  never  carried  on  mining,  but  only  digging.  Deep  mines 
where  blasting  is  done,  which  very  likely  he  had  seen,  were,  of  course, 
unknown  to  them. 

Like  this  old  chief.  Father  Dablon's  Indians  showed  full  traditional 
knowledge  when  they  told  him  of  the  mineral  localities  where,  several 
generations  before,  copper  had  been  extensively  dug.    The  ancient 
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trenches  in  the  woods  had  long  been  covered  and  contained  no  visible 
copjKjr.  They  possessed  only  an  antiquarian  interest  to  which  the 
Indians  were  strangers,  and  also,  as  Father  Dablon  relates,  his  Indian 
friends  were  not  disposed  to  give  more  information  than  they  could 
help. 

The  first  systematic  exploring  or  "prospecting"  party  to  search  for 
the  Ontonagon  lode  was  sent  out  from  Quebec  about  the  same  year  that 
Father  Dablon  described  the  place,  viz,  1669.  The  expedition  returned 
without  accomplishing  its  object  for  want  of  time,  and  was  met  on  Lake 
Erie  by  La  Salle's  party  going  to  the  Mississippi.  No  mining  was  done 
there  until  a  hundred  years  later  under  Alexander  Henry. 

The  foregoing  extracts  from  the  account  of  Cartier's  voyage,  the 
Abb^  Sagard,  the  Jesuit  Belations,  and  Margry,  show  the  continuity 
of  the  ancient  or  pre-Columbian  mining  on  Lake  Superior  and  the  mod- 
ern.   As  soon  as  the  French  arrived  at  the  St.  Lawrence  in  1535,  they 
found  the  natives  knowing  x^^oportionately  as  much  about  the  distant 
source  of  the  copper  they  possessed  as  the  ordinary  eastern  citizen  does 
now.    Over  a  hundred  years  later,  after  settlements  had  been  made, 
there  was  still  living  knowledge  that  copper  came  from  Lake  Superior, 
and  especially  the  Ontonagon  River,  where  it  was  easy  to  find  float 
copper.    But  during  this  long  period  active  importation  of  European 
articles  had  been  going  on  so  that,  as  th«5  Chippewa  chief  explained, 
native  industries,  including  the  search  for  copper,  had  been  interrupted. 
Iron  articles,  knives,  hatchets,  weapons,  and  innumerable  other  desira- 
ble things  made  it  unnecessary  for  the  Indians  to  exert  themselves  in 
exploiting  the  old  source  of  supply.    But  when  the  French  began  to 
inquire  for  copper  they  were  taken  to  the  precise  localities  where  the 
metal  had  formerly  been  obtained  which,  like  all  minuig  districts,  were 
full  of  abandoned  and  forgotten  workings,  and  they  were  shown  the 
metal  in  place. 

Native  copper,  as  has  been  said,  occurs  sparingly  in  several  places 
in  the  eastern  part  of  the  country.  In  the  Appalachian  region  ores  oi 
copper  occur  and  have  been  extensively  mined,  but  native  copper  does 
not  occur  there  except  as  a  mineralogical  rarity.  Nevertheless  it  has 
been  suggested  that  copper  was  produced  in  that  part  of  the  country 
in  pre-Columbian  times.  If  this  were  so  there  should  be  evidences  oj 
old  mines  and  of  smelting  operations  of  some  kind,  because  copper  ore 
Hinst  be  smelted  to  produce  the  metal.  No  old  workings  in  that  region 
liave,  however,  yet  been  identified  as  pre-Columbian  copper  mines,  and 
no  traces  of  aboriginal  smelting  have  been  discovered  to  support  the 
^^ggestion.  Ancient  mica  mines  have,  indeed,  been  discovered  in 
^orth  Carolina  which  are  now  worked,  but  if  the  Indians  mined  for 
^<>Pper  at  all  in  that  mineral  district  the  fact  remains  to  be  proved- 
Moreover,  the  Smithsonian  collection,  so  far  from  showing  a  compara- 
tive abundance  of  copper  articles  from  the  Appalachian  region,  as 
^ould  be  expected  if  it  had  been  a  center  of  distribution  like  Kevf^^- 
H.  Mis.  114 13 
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naw  and  Ontonagon  in  the  North,  lias  remarkably  few  copper  relics 
from  the  Carolinas,  Georgia,  Alabama,  and  Tennessee.  The  idea 
doubtless  arose  from  the  statements  in  the  account-s  of  the  Spanish 
explorers  of  this  region  and  of  the  French  and  English  colonies  on  the 
coast.  I)e  Soto's  march  w  as  a  continuous  pursuit  of  an  ignis  fGiuu9» 
He  was  told  that  gold  or  copper  and  other  riches  were  in  the  Appala- 
chians, and  was  kept  perpetually  on  the  move  after  them,  while  they 
eluded  him  in  the  most  tantalizing  manner.  He  did  find  pearls,  and 
probably  in  large  quautitiesj  the  contents  of  graves  show  that  that 
form  of  wealth  really  existed.  But  that  other  form  of  wealth— "a 
melting  of  gold  or  copper" — which  he  coveted,  kept  moving  before  him 
from  town  to  town  and  tribe  to  tribe  all  thi-ough  his  weary  journey, 
and  he  never  found  it.  The  Spaniards  on  the  Florida  coast  in  the  follow- 
ing years  were  persuaded  that  there  was  great  mineral  wealth  of  some 
kind  in  the  Appalachians,  Jind  told  of  a  town  in  the  region  where  the 
minerals  were  supposed  to  be,  which  they  called  La  Grand  CopaL  This 
town  was  said  to  be  60  leagues  northwest  of  St.  Helena,  on  the  South 
Carolina  coast. 

De  Soto's  march  was  undertaken  in  1639.    In  1562  the  French  estab 
lished  a  short-lived  colony  at  Port  Royal,  S.  C,  under  Capt.  Bibanlt, 
which  was  succeeded  two  years  later  by  another  at  the  river  of  May 
(the  St.  John's),  in  charge  of  Reu6  Laudonni^re,  the  history  of  which, 
with  its  tragic  end,  was  brought  prominently  to  notice  by  Parkmaii 
some  years  ago.    Laudonniere  wrote  a  full  description  of  the  resources 
of  the  countiy,  in  the  course  of  which  he  says  (Hakluyt's  translation), 
"  there  is  found  amongst  the  savages  good  quantitie  of  gold  and  silver 
which  is  gotten  out  of  the  shippes  that  are  lost  upon  the  coast,  as  I  have 
understood  by  the  Savages  themselves.    They  use  trafflque  thereof  one 
with  another.    And  that  which  maketh  me  the  rather  believe  it,  is  that 
on  the  coast  towards  the  cape,  where  commonly  the  shippes  are  ca«t 
away,  there  is  more  stoie  of  silver  than  towards  the  north.    Neverthe 
less,  they  say  that  in  the  mountains  of  Appalatcy  there  are  mines  of 
copper,  which  I  thinke  to  be  golde."    From  these  mountains  came  *'  two 
stones  of  fine  christal,"  which  were  presented  to  the  French,  together 
with  a  number  of  pearls,  and  they  learned  from  the  Indians  that  there 
was  "an  infinite  quantity  of  slate  stone,  wherewith  they  made  wedges 
to  cleave  their  wood,^'  in  the  same  mountains.    A  "  king"  of  the  coun- 
try lying  near  these  mountains  sent  Laudonniere  '*  a  plate  of  a  minerall 
that  came  out  of  this  mountaine,  out  of  the  foot  whereof  there  runneth 
a  streame  of  golde  or  copper,  as  the  savages  thinke,  out  of  which  they 
dig  up  the  sand  with  an  hollow  and  drie  cane  of  reed  until  the  cane  be 
full ;  afterward  they  shake  it,  and  finde  that  there  are  many  small  graines 
of  copper  and  silver  among  this  sand ;  which  giveth  them  to  understand 
that  some  rich  mine  must  needs  be  in  the  mountaine." 

If  the  Spaniards  had  not  been  "  x)rospecting  "  through  this  part  of 
the  country  twenty  years  before,  this  would  be  a  most  interesting 
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account  of  primitive  panning,  an  operation  familiar  to  all  gold  pro- 
8i»ector8  and  known  in  many  i)arts  of  the  world.    But  the  suspicion 
arises  that  the  Indians  had  watched  the  Spaniards  operating  in  this 
way  in  the  streams  in  their  search  for  gold  and  were  describing  their 
method.    The   description,    moreover,   could    not    apply    to   copper, 
although  it  is  true  of  gold,  which  is  found  in  the  sands  of  the  streams, 
and  is  "panned  out"  in  the  manner  described.    The  effort  to  find  cop- 
per from  this  mineral  region  was  unavailing.    On  Ribault's  arrival  to 
succor  Laudonniere's  party,  the  Indians  oftered  to  conduct  him,  in  a 
few  days' journey,  to  the  mountains  of  Apalatcy.    ''In  those  moun- 
taines,  as  they  sayd,  is  found  redde  copper,  which  they  call  in  their 
lau^age  Sieroa  Pira,  which  is  as  much  to  say  as  redde  mettall,  whereof 
J  liad  a  piece,  which  at  the  very  instant  I  showed  to  Captaine  Eibault, 
which  caused  his  gold  finer  to  make  an  assay  thereof,  which  reported 
nnto  him  that  it  was  perfect  golde."    This  assay  confirms,  or  perhaps 
was  the  cause  of,  Laudonniere's  surmise  that  the  copper  of  Apalatcy 
was  gold.    It  is  not  easy  to  understand  at  this  distance  why  there 
shoald  have  been  any  diflBculty  in  recognizing  the  metal   at  once. 
There  was  evidently  some  misunderstanding  or  misinterpretation  of 
the  questions  and  the  answers  between  the  French  and  Indians  in  ref- 
erence to  tlie  red  metal,  so  that  while  the  French  meant  copper  the 
Indians  understood  gold.    At  any  rate,  the  French  saw  no  copper  from 
the  Appala^ihians. 

Sir  Walter  Raleigh  planted  a  colony  at  Roanoke  Island  in  1585,  of 
which  Ralph  Lane  was  superintendent.  He,  also,  soon  heard  of  min- 
eral wealth  in  the  mountains  to  the  west,  and  was  eager  to  find  copper 
there.  It  must  be  remembered  that  ft  was  a  great  disappointment  in 
Europe  to  find  that  tlie  land  which  Columbus  and  his  siujcessors  had 
discovered  was  a  continent,  and  incessant  attempts  were  made  to  find  a 
way  through  or  around  it  to  the  south  seas  and  Cathay,  which  were 
continued  into  the  present  century.  Therefore  Ralph  Lane  wrote  that 
"  the  discoverie  of  a  good  mine  by  the  goodnesse  of  God,  or  a  passage 
to  the  south  sea,  or  some  way  to  it,  and  nothing  els  can  bring  this 
conntrey  in  request  to  be  inhabited  by  our  nation."  And  particularly 
with  reference  to  the  rumored  mine  to  the  west,  he  says:  "And  that 
which  made  me  most  desirous  to  have  some  doings  with  the  Mangoaks,* 
either  in  friendship  or  otherwise  to  have  had  one  or  two  of  them  pris- 
oners, was,  for  that  it  is  a  thing  most  notorious  to  all  the  countrey, 
that  there  is  a  Province  to  the  which  the  said  Mangoaks  have  recourse 
and  trafique  up  that  river  of  Monatoc  (Roanoke)  which  hath  a  mar- 
vellous and  most  strange  Minerall.  This  mine  is  so  notorious  amongst 
tliem  as  not  only  to  the  savages  dwelling  up  the  said  river  and  also  to 
the  savages  of  the  Chawanook,  and  all  them  to  the  Westward,  but  also 
to  all  them  of  the  maine;  the  countrey's  name  is  of  fame  and  is  called 
Cbaunis  Temoatan. 

*  Jpdians  who  lived  in  Virginia,  near  the  North  Carolina  Uw^, 
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"The  ininerall  tbey  say  is  Wassader  which  is  copper,  but  they  call 
by  the  name  of  wassader  every  inettall  whatsoever;  they  say  it  is  of 
the  colour  of  our  copper,  but  our  copper  is  better  than  theirs,  and  tbe 
reason  is  for  that  it  is  redder  and  harder,  whereas,  that  of  Chaunis 
Temoatan  is  very  soft  and  pale.  -  -  -  Of  this  inettall  the  Man- 
goaks  have  so  great  store,  by  report  of  all  the  savages  adjoining,  that 
they  beautify  their  houses  with  great  i)late8  of  the  same."  Chaunis 
Temoatan,  or  the  mineral  country,  was  said  to  be  twenty  days' journey 
from  the  Mangoaks. 

This  account  contains  a  variation  of  the  description  given  the  French 
twenty  years  before,  of  washing  or  panning  out,  but  in  the  Englisl 
account  there  is  a  distinct  reference  to  melting  or  smelting.  The  Indi 
ans  told  Lane  that  after  the  material  from  the  stream  was  caught  in  j 
bowl  it  was  "  cast  into  a  fire,  and  forthwith  it  inelteth,  and  doeth  yielt 
in  five  parts  at  the  first  melting,  two  parts  of  mettall  for  three  parts  o 
oare."  It  is  impossible  to  understand  this  statement  as  it  stands.  I 
may  possibly  have  referred  to  the  use  of  fire  in  getting  out  the  mica,  o: 
may  have  been  a  tradition  of  some  Spanish  operations  obscured  b] 
time  and  confused  by  interpretation.  The  story  survived  into  the  nex 
century.  The  English,  however,  did  not  see  this  operation,  nor  die 
they  see  any  "  greate  plates  "  of  copper.  The  only  things  of  the  kim 
were  small,  i)robably  like  those  found  in  graves  and  mounds.  '*Ai 
hundred  and  fifty  miles  into  the  raaine,"  Lane*  continues,  "  in  two  towni 
we  saw  divers  small  plates  of  copper,  that  had  been  made,  as  we  under 
stood,  by  the  inhabitants  that  dwell  further  into  the  country,  where,  ai 
they  say,  are  mountains  and  rivers  that  yield  also  white  grains  o 
mettall  which  is  to  be  deemed  silver."  If  the  Indians  had  possesse< 
large  plates  the  English  w^ould  doubtless  have  seen  them  as  well  asthi 
small,  and  some  of  them  would  have  turned  up  before  now,  as  th( 
smaller  ones  have,  in  graves. 

That  extensive  mines  really  existed  in  the  region  indicated  by  th< 
Indians,  which  produced  a  peculiar  mineral  in  abundance,  will  appea 
when  we  put  together  the  Spanish,  French,  and  English  accounts  of  th< 
rumored  mineral  wealth  and  the  region  from  which  it  came,  and  com 
pare  them  with  the  results  of  modern  discovery.  The  Spaniards  wer< 
after  gold,  and  learned,  as  they  believed,  that  it  was  to  be  found  in  th< 
Appalachians,  because  when  they  asked  after  a  country  rich  in  minera 
they  were  referred  there.  Laudonniere  speaks  of  a  singular  minera 
which  was  sent  to  him,  which  occurred  in  plates  and  was  found  in  thi 
Appalachians,  together  with  "christal"  and  slate  stone;  and  Kalpl 
Lane  hears  of  a  '^marveilous  and  strange"  mineral  which  occurred  ii 
large  plates  with  which  the  Indians  adorned  their  houses.  The  mine,h( 
says,  was  ^'  notorious"  in  the  whole  country,  and  was  in  the  monntaim 
to  the  west  of  Roanoke.  This  mineral,  which  was  not  copper  or  aiii 
ore  of  copper,  occurring  in  large  plates  which  w^ere  paler  and  soft© 
than  copper,  was  undoubtedly  mica,  and  the  ancient  mines  which  wen 
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the  cause  of  the  early  raining  excitement  were  re  discovered  in  the 
mountains  of  North  Carolina  in  18()8.  Prof.  Kerr,  who  was  State  geol- 
ogist of  North  Carolina,  thus  describes  them:  *  "There  is  one  point  of 
great  interest  connected  with  the  history  of  mica  mining  in  this  State 
which  it  is  worth  while  to  refer  to  in  this  connection.  This  industry 
is  not  really  new  here ;  it  is  only  revived.  The  present  shafts  and  tunnels 
are  continually  cutting  into  ancient  shafts  and  tunnels,  and  hundreds 
of  the  spurs  and  ridges  of  the  mountains,  (all  over  Mitchell  County  espe- 
cially), are  found  to  be  honeycombed  with  ancient  workings  of  great 
extent,  of  which  no  one  knows  the  date  or  history.  In  1868  my  atten- 
tion was  first  called  to  the  existence  of  old  mine  holes,  as  thej'^  are 
called  in  the  region.  Being  invited  to  visit  some  old  Spanish  silver 
mines  a  few  miles  south  of  Bakersville,  1  found  a  dozen  or  more  open 
pits,  40  to  50  feet  wide  by  75  to  100  feet  long,  filled  up  to  15  or  20  of 
depth,  disposed  along  the  sloping  crest  of  a  long  terminal  ridge  or  spur 
of  a  neighboring  mountain.  The  excavated  earth  was  piled  in  huge 
heaps  about  the  margins  of  the  pits,  and  the  whole  overgrown  with  the 
heaviest  forest  trees,  oaks,  and  chestnuts,  some  of  them  3  feet  or  more 
in  diameter  and  some  of  the  largest  belonging  to  a  former  geiieration 
of  forest  growth,  fallen  and  decayed,  facts  which  indicate  a  minimum 
of  not  less  than  three  hundred  years.  There  is  no  appearance  of  a  mineral 
vein  and  no  clew  to  the  object  of  these  extensive  works,  unless  it  was  to 
obtain  the  large  plates  of  mica,  or  crystals  of  kyanite,  both  of  which 
abound  in  the  coarse  granite  rock.  -  -  -  Since  the  development  of 
wica-mining  on  a  large  scale  in  Mitchell  and  the  adjoining  counties  it 
has  been  ascertained  that  there  are  hundreds  of  old  pits  and  connecting 
tunnels  among  the  spurs  and  knobs  and  ridges  of  this  rugged  region, 
and  there  remains  no  doubt  that  mining  was  carried  on  here  for  ages 
and  in  a  very  systematic  and  skillful  way;  for  among  all  the  scores  of 
names  recently  opened,  I  am  informed  that  scarcely  one  has  turned  out 
profitably  which  did  not  follow  the  old  workings  and  strike  the  ledges 
brought  by  those  ancient  miners.  The  pits  are  always  open  *dig- 
&H^,^  never  regular  shafts;  and  the  earth  and  debris  often  amount  to 
enormous  heaps." 

This  descTiption  would  apply  almost  word  for  word  to  the  Lake 
^nperior  copper  diggings.  The  mineral  is  taken  out  in  large  lumps,  30 
^^'  ^0  up  to  several  hundred  pounds  in  weight,  which  split  readily  into 
Plates  or  sheets,  sometimes  3  feet  in  diameter,  and  would  cut  16  by  20 
inches.  The  common  forms  are  2  or  3  by  4  or  (>  inches.  All  this  con- 
"^nis  and  explains  very  fully  the  statements  of  the  Spanish,  French,  and 
^'Oglish  explorers  and  colonists  of  the  sixteenth  century.  Kow  that 
^^  know  what  the  mineral  or  "mettall"  was,  we  understand  and  can 
explain  away  the  confusion  which  arose  in  the  inquiry  after  copper. 
^^  thing  which  was  valuable  to  the  Indians,  so  valuable  that  they 
^^orned  their  dwellings  with  it  and  placed  it,  with  other  valuables,  in 

"Beport  of  the  Geological  Survey  of  North  Carolina,  vol.  i,  1875,  p.  300. 
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their  graves,  was  naturally  prominent  in  their  minds  when  the  strangers 
were  inquisitive  about  riclies,  and  they  answered  ac<^ording  to  their 
light.    It  does  not  appear  that  copper  was  known  to  the  Southern 
Indians  except  as  an  article  of  barter,  as  it  was  all  along  the  coast,  but 
mica  held  the  place  with  them  in  point  of  production  that  copper  occu- 
pied with  the  Northern  Indians. 

Reviewing,  now,  the  whole  evidence— historical,  mineralogical,  aiid^ 
to  a  slight  extent,  archaeological — it  appears  that  when  this  continent 
was  revealed  to  Europeans  the  natives  of  the  country  were  in  the  Ml 
neolithic  period,  but  were  using  copper  to  a  slight  extent.    They  were 
probably  mining  it  in  a  desultory  way  in  the  Keweenaw  workings  just 
as  they  were  mining  mica  in  the  mountains  of  North  Carolina.    How 
long  this  had  been  going  on  it  is  impossible  to  say.    The  metal  was 
principally  used  for  ornamental  purposes  in  the  South,  where  it  was 
scarce,  but  where  it  was  plentiful,  in  the  North,  and  particularly  toward 
the  center  of  production,  it  was  put  to  a  practical  use.    There  is  at 
present  no  evidence  that  the  Indians  had  any  knowledge  of  smelting, 
which  art  is  necessary  to  a  real  metal  age.    The  progress  from  stoue, 
through  copper,  to  bronze  could  hardly  be  expected  on  the  northern  and 
eastern  parts  of  this  continent,  because  there  was  no  tin  available  in 
the  northern  and  eastern  parts  of  the  country  with  which  to  make 
bronze.    To  be  sure  the  Indians  had  distant  neighbors  in  Mexico  and 
Central  and  Southern  America,  some  of  whom  possessed  the  rudiments 
of  smelting  and  were  in  an  incipient  bronze  "age,"  from  whom  a  knowl- 
edge of  smelting,  whereby  copper    could  be  obtained  from  its  ores, 
might  possibly  have  been  acquired  in  the  course  of  centuries  by  the 
slow  process  of  aboriginal  intercourse,  if  all  native  industrial  develop- 
ment had  not  been  interrupted  by  the  intervention  of  Europeans.    As 
it  was,  however,  it  seems  clear  that  metallurgy  was  not  known  among 
the  North  American  Indians  when  this  continent  was  discovered. 


THE  POLYNESIAN  BOW.* 


By  E.  Tregeae. 


I^erhaps  one  of  the  most  puzzling  problems  known  to  anthropologists 
is  to  account  for  the  apparent  dislike  shown  by  the  fair  Polynesians 
fox*  the  use  of  the  bow  and  arrow.  They  found  the  mighty  weapon  of 
the  archer  in  the  hands  of  almost  every  Melanesian  or  Papuan  inhabi- 
taxxt  of  the  neighboring  islands;  they  had  experience  of  its  fatal  powers, 
aad  yet,  except  in  the  case  of  the  Tongans,  the  weapons  appeared  to 
be  viewed  with  disfavor  and  neglect. 

The  bows  used  by  the  Tongans  in  the  days  of  Cook  were  slight  and 
by  no  means  powerfal  instruments.  Each  bow  was  fitted  with  a  single 
arrow  of  reed,  which  was  carried  in  a  groove  cut  for  that  purpose  along 
tUe  side  of  the  bow  itself.  By  the  time  that  mariner  arrived  among 
tb^se  islanders,  in  1806,  they  had  possessed  themselves  of  more  power- 
^y  bows  and  arrows,  probably  procured  from  Fiji  or  imitated  from 
Fijian  weapons,  as  constant  intercourse  of  either  warlike  or  pacific 
chj^racter  was  then  going  on  between  the  Friendly  and  Fijian  islands. 
^J^oreover,  they  had  also  procured  guns  at  that  epoch. 

The  Hawaiian  weapons  were  spears,  javelins,  clubs,  stone  axes, 
kx^ives,  and  slings;  the  use  of  the  bow  being  confined  to  rat  shooting. 
Tlii^  Tahitians  used  the  bow  only  as  a  sacred  plaything;  the  bows, 
ar*xx)W8,  quiver,  etc.,  being  kept  in  a  certain  place  in  charge  of  appointed 
P^xsons  and  brought  out  on  stated  occasions.  The  arrow  was  not 
ained  at  a  mark,  but  merely  shot  off  as  a  test  of  strength  and  skill, 
oit marcher  trying  to  shoot  farther  than  another.  The  Samoans  did 
not;  use  the  bow,  but  fought  with  the  club  and  spear,  the  sling  being 
iYxe  missile  weapon,  as  it  also  was  in  the  Marquesas. 

In  regard  to  New  Zealand,  the  subject  has  been  handled  at  any 
length  only  by  two  writers.  The  first  was  Mr.  O.  Phillips,  whose 
paper  appeared  in  the  Tramactions  of  the  Xew  Zealand  Institute^  vol. 
^>  p.  97.  The  article  did  not  deal  with  the  bow  proper  so  much  as  with 
tbe  weapon  known  to  the  Maoris  as  kotaha,  which  consists  of  a  stic^k 
and  whip  with  which  a  spear  is  thrown.  Mr.  Phillips  made  some 
I'icidental  remarks  on  this  paper,  which  provoked  Mr.  Colenso  to  reply 
^^  ^U  article  published  in  the  Transactions  of  the  New  Zealand  Institute^ 
^'^1-  XJ,  p.  106. 


j-j^^t'om  The  Journal  of  the  Polynetian  Society  (Wellington,  New  Zealand),  for  April, 
^^  ;  Vol.  I,  pp.  5ft-59. 
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Mr.  Oolenso's  argument,  briefly  suniinarized,  refers  to  the  subject  ^ 
follows.    He  considers — 

First.  Tliat  the  bows  and  arrows  found  in  the  hands  of  Maori  chiklr^ 
were  probably  imitated  from  models  shown  to  them  by  Tupaea,  ttP 
Tahitian  interpreter  brought  to  New  Zealand  by  Capt.  Cook,  or,  pe^ 
haps,  from  models  shown  by  foreigners,  some  of  whom — notably  ^ 
Hindoo,  a  Marquesan,  and  a  Tahitian — were  resident  among  the  Maoris 
when  the  Rev.  Mr.  Marsden  arrived  in  1814. 

Second.  That  neither  Tasman,  Cook,  Parkinson,  Forster,  Crozet 
Polack,  Cruise,  Nicholas,  Marsden,  nor  any  other  of  the  early  visitors 
to  New  Zealand  mention  seeing  the  bow  or  hearing  of  its  use.  That 
Mr.  Colenso  himself,  in  his  frequent  journeys  about  the  country  (in  1834 
and  continual  listenings  to  stories  of  war,  never  heard  of  the  bo¥ 
being  used  in  combat. 

Third.  That  there  is  no  mention  in  old  legends  of  the  bow  bein^ 
used  as  a  weapon,  either  in  the  stories  of  the  destruction  of  monsters 
the  deaths  of  chiefs  in  battle,  or  in  the  lists  of  arms,  although  thes< 
lists  are  given  with  great  fidelity  and  attention  to  detail. 

Of  these  three  divisions,  the  first  is  not  scientifically  decisive.  It  i 
possible,  and  even  probable,  that  the  Maoris  were  t.aught  the  use  o 
the  bow  by  early  visitors,  but  it  can  not  now  be  proven.  The  bo^ 
might  have  been  kept  as  a  childish  toy,  although  not  used  as 
weapon;  exactly,  for  example,  as  with  the  modern  English,  with  whoi 
bows  and  arrows  are  playthings,  although  but  a  few  years  ago  (ethnc 
logically  speaking)  they  were  the  national  weapons. 

The  second  argument  is  from  negative  evidence.  There  may  hav 
been  bows  and  arrows  in  New  Zealand,  and  yet  they  may  not  hav 
been  produced  or  spoken  of  in  the  presence  of  new-comers;  but  tha 
such  a  reticence  occurred  is  most  improbable,  and,  although  the  evi 
deuce  is  negative,  it  is  of  great  value.  Few  impartial  people  wil 
belive  that  the  bow  was  a  weapon  of  the  New  Zealander  during  the  las 
century  if  no  explorer  or  missionary  saw  or  heard  of  it.* 

The  third  argument  is  an  exceedingly  important  one.  If  in  the  list 
of  weapons  mentioned  in  New  Zealand  tradition  the  bow  has  no  place 
the  conviction  left  in  the  minds  of  most  Maori  scholars  will  be  that  th 
omission  marks  the  absence  of  the  bow  itself  from  Miiori  knowledge.! 

Time,  however,  has  a  modifying  effect  on  opinion,  and  the  one  thin; 
certain  to  come  to  the  interested  student  of  anthropology  is  a  wondei 
ing  faith  in  the  power  of  Time  to  dissolve  and  form  and  rcdissolve  no 


•In  the  AnMankA  Weekly  Xeics  of  April  16,  1892,  is  au  account  of  an  old  Pakelis 
Maori  named  John  Harmon,  Avho  came  to  New  Zealand  a  child  in  1805,  and  is  uoi 
dead.  **  He  told  a  tale  of  a  battle  between  the  Ngati-whatua  and  the  Ngati-maru  i 
the  Thames  Valley  which  was  fought  out  with  bows  and  arrows."  It  would  pei 
haps  be  well  if  some  member  of  this  Society  resident  among  either  of  these  trib€ 
would  make  inquiries  among  the  old  men  as  to  what  circumstance  gave  rise  to  Hai 
mon's  story. 

tOn  the  other  hand,  I  do  not  know  of  any  list  of  weapons  or  legend  of  monstei 
killing  which  includes  the  koiaha  as  a  weapon.  Yet  I  am  informe<l  by  Mr.  Perc; 
Smith  that  not  only  was  he  shown  an  old  ruined  pa  which  was  conquered  by  spean 
or  darts  thrown  more  than  a  quarter  of  a  mile  by  moans  of  tlte  *'  whip,"  bat  that  hi 
k  sows  that  they  were  in  use  at  least  two  hundred  years  ago. 
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only  the  tribes  of  the  eai'th,  but  our  knowledge  concerning:  them.  I 
i*ec€ived  lately  a  letter  from  a  friend  in  the  north  of  the  Korth  Island 
of  ^ew  Zealand,  who  informed  me  that  in  digging  a  drain  upcm  bis 
property  at  Maugapai  be  came  upon  a  bow  in  a  perfect  state  of  preser- 
vation. It  was  lying  in  a  bed  of  sandy  clay,  tlie  surface  of  which  was 
apparently  undisturbed  and  virgin.  The  finder  proceeded  (in  the  usual 
fasliion  whicb  horrifies  archjeologists)  to  clean  his  treasure  trove;  but, 
Incliily,  before  be  had  finished  his  work  of  scraping  and  oiling  the  bow, 
a  friend  interfered,  and  the  original  soil  adheres  to  a  portion  of  the 
weapon. 

I  have  deposited  the  bow  in  the  Museum  for  safekeeping.  It  is  6 
feet  4|  inches  in  length ;  in  shape  resembling  the  bow  s  of  Fiji,  the  New 
Uel)rides,  and  other  Melanesian  islands.  It  is  almost  certainly  a  war- 
bow,  and  it  would  try  the  strength  of  an  athletic  man  to  draw  an  arrow 
to  the  head  upon  so  stifif  an  arc.  It  was  unaccomj)anied  by  any  relics 
^liatever. 

Several  methods  of  accounting  for  the  deposit  of  the  bow  in  the 
locality  might  be  suggested.  It  might  have  been  buried  in  modern 
times  by  a  European  or  by  a  visiting  native  of  the  South  Sea  islands. 
TTiis  is  improbable,  as  the  weapon  must  have  been  of  some  value  to  its 
owner,  and  is  too  large  to  have  been  easily  lost.  Again,  the  bow,  if 
not  a  Maori  weapon,  might  have  belonged  to  some  prehistoric  inhabi- 
tant. There  seems  to  be  a  concensus  of  tradition  that  the  Polynesian 
and  Malayan  islands  were  once  peopled  by  races  exterminated  or 
driven  inland  by  the  present  occupiers  of  the  seaward  positions.  In 
^ew  Zealand  many  scholars  believe  that  the  Maori  immigration  dis- 
possessed a  people  then  in  occupation.*  If,  on  further  testing,  the  bow 
should  be  found  to  be  of  Melanesian  pattern,  but  of  New  Zealand  wood, 
it  \^ould  strengthen  the  theory  that  a  people  of  Melanesian  origin  once 
oeoupied  this  country. 

The  evidence  brought  forward  by  Mr.  Colenso  in  his  pai>er  makes  it 
alrnost  certain  that  no  Maori  within  historical  times  has  used  the  bow 
^^  a  weapon.  But  did  the  ancient  Maori  use  the  bow  ?  If  we  turn  to 
comparative  philology  the  answer  is  probably  in  the  affirmative.  The 
evidence  stands  thus : 


MALAYSIA. 


t\lalay,  panah,  a  bow. 
•J^va,  panaA,  a  bow. 

Bouton,  opanay  a  bow. 

j^alayer,  panah,  a  bow. 


Cajeli,  panahf  a  bow. 
Massaratty.  panai,  a  bow. 
Ahtiago,  hanah,  a  bow. 
Baja,  panah,  a  bow. 
Magindauo,  pana,  an  arrow. 


^  Much  of  interest  on  this  sabject  can  be  found  in  Major  Gudgeon's  articles  in  the 
Monthly  Reriew  (Wellington,  New  Zealand,  Lyon  and  Blair),  vol.  ii,  pp.  585  and 
^^7.  See  also  the  article  on  flint  arrowheads  found  near  Wellington,  by  Mr.  T.  W. 
Kirk,  TranBactions  of  the  New  Zealand  Institute,  xiii,  436. 

^It  i«8aid  by  Malay  scholars  that  the  Malay  word  panah,  "  a  bow,"  is  connected 
with  the  Sanscrit  word  vana  or  hana,  *^ arrow."    This  variation  as  to  "bow"  and 

arrow"  uiay  be  found  in  the  islands ;  but,  if  connected  with  Sanscrit;  the  word 

«»e«««hore"  into  Asia. 
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PHILIPPINES. 

Tagal,  pana,  a  bow. 
Bisaya,  pana,  a  bow. 

MKLANESIAN   ISLANDS. 

Nengone,  i^e/ina,  a  bow. 
Aneityum,  /a«a,  a  bow. 
Rotuina,  fan,  a  bow. 
Fiji,/fl«a,  to  Bboot  witb  a  bow. 
Fiji,  vanOf  to  sboot. 
EcIdystoDO  Island,  umbana,  an  arrow. 
New  Britain,  panahy  a  bow. 
Santa  Cruz,  nepnuj  an  arrow. 
I^lorida,  vanahiy  to  shoot. 


POLYNESIAN   PROPER. 

Tahiti,  fana,  a  bow ;  fa'a-faiia,  to 

property. 
*Tongan,   fana,    to    shoot;    the 

sliooting. 
Sainoan,  fana,  to  shoot;  fanauyix 

nnfafiay  a  bow;    uafana,   a  vol 

arrows. 
Hawaiian,  pana,  a  bow;  to  shoo^ 

arrow ;  panapua,  an  archer. 
Rarotongan,  amiy  a  bow  (dialect 

and  wh). 
Marqnesan,|;an<?,  a  bow. 
Fntiina, /ana,  a  bow;  to  hunt. 


In  tliese  comparatives  we  have  evidence  in  a  direct  chain  tL 
tlie  Malay,  Melanesian,  and  Polynesian  islands  of  a  clearly  ir 
word /ana  ov  pana^  as  "bow,"  the  probable  root  being  y/  Fi 
V  PHAN.  In  New  Zealand  the  equivalent  for  the  Polynesia 
W^(as  fare^  "a  house,"  becomes  ichare,  etc.);  consequently  we 
expect  to  find  the  word  as  ichana.  The  Maori  word  ichana  niea: 
recoil  or  spring  back  as  a  bow; "  "a  spring  made  of  a  bent  sticl 
trap."  When  wo  compare  the  compound  words,  taicliana^  bent 
bow;  koichatiay  bent,  bowed;  lorowhanay  bent,  bowed,  et^^.,  the] 
be  little  doubt  but  that  whana  originally  with  the  Maori  meant 
it  did  with  all  other  Pacific  islanders,  viz,  "a  bow^,"  and  tha 
knew  its  use  as  a  weapon.  Just  as  the  Maori  words  amatiatia,  U 
etc.,  for  the  double  canoe  or  on  triggered  canoe  prove  former  use 
though  the  modern  Maori  knows  nothing  of  such  vessel.  The 
Maori  forms,  pana,  "to  thrust  away,"  and  panga^  "to  throw,' 
taken  slightly  divergent  meanings. 

The  Maori  word  pewa,  meaning  "  arched,  bow-shaped,"  and 
eyebrows"  (with  its  compound,  koropeicuj  "  a  loop  or  bow*')  also  ] 
bly  signified  a  weapon.  Petca  has  been  preserved  as  ** bow"  1 
Motu  people  of  Few  Guinea  (a  Polynesian  colony  among  Papuan 
may  be  a  foreign  word,  since  it  has  no  universality  in  the  Pac 
fana  has. 

*0n  page  61  of  Mr.  Codrington's  '^Mnhinesian  Languages"  appears  a  note 
Fison  as  to  the  Tougans  liaviiig  got  the  word  fana  with  the  bow  from  Fi. 
authority  is  greater  with  regard  to  Mehmesian  speech  than  is  the  opinion 
Fison,  but  I  believe  in  this  matter  that  ho  had  been  misled  by  his  native  info 
In  the  first  place,  the  bow  had  been  in  use  long  before  the  lifetime  of  the  na 
question  began,  and  this  makes  the  etymology  of  the  name  beyond  his  kno 
except  as  a  guess ;  and,  in  the  second,  the  wide  distribution  of  the  word 
Polynesians  makes  it  probable  that  the  Tongaus  used  the  same  word  as  the 
their  nation,  and  did  not  need  to  borrow  from  Fiji. 


HERTZ'S  EXPERIMENTS.* 


I. 

^*01i!  yes;  I  understand  it  all  now.    Electricity  is  the  a»tlier;"  or, 
"Yes;  it's  just  like  everything  else:  electricity  is  a  vibration."    These 
are  the  remarks  one  hears  made  by  those  who  think  that  a  few  scat- 
tered words  picked  up  at  a  popular  lecture  make  things  quite  clear. 
It  is  no  doubt  unfortunate  that  repeating  a  form  of  words  is  a  different 
matter  from  understanding  them,  and  still  more  diffierent  from  under- 
standing the  subject  they  are  intended  to  explain.    In  this  case  there 
is  the  added  misfortune  that  the  form  of  words  is  not  accurately 
repeated,  and  in  its  ina<5curate  form  does  not  mean  what  is  true.    It  is 
often  lianlly  vorth  while  remarking  this  to  those  who  make  tliese  state- 
ments, because  the  words  convey  to  them  little  or  no  signification,  and 
are  to  them  as  tru«  as  any  other  unmeaning  sentence.    The  connection 
between  electricity  and  the  aether  is  certainly  not,  as  far  as  is  known, 
well  described  by  saying  that  '^  electricity  is  the  rether,"  and  we  can  not 
say  with  any  certainty  that  electricity  is  or  is  not  a  vibration.    Hertz's 
experiments  have  given  an  experimental  proof  of  Maxwell's  theory  that 
electrical  phenomena  are  due  to  the  fcther,  and  Herzt's  experiments 
deal  with  vibrations.    One  can  not  however  say,  because  the  pressure 
of  15  pounds  per  square  inch  exerted  by  the  atmosphere  is  due  to  the 
*ir,  that  therefore  "pressure  is  the  air";  nor  even,  because  a  person 
^ho  studied  the  properties  of  the  air  had  studied  them  by  means  of 
^wnds  propagated  through  it,  can  one  assert  that  "  pressure  is  a  vibra- 
^^on."    It  is  to  be  hoped  no  one  will  now  assert  that  "  electricity  is 
Pressure."    The  example  is  given  to  illustrate  the  absurdity  of  the  state- 
"^^nts  made  as  deductions  from  recent  experiments,  and  not  to  teach 
*^y  new  theory.    And  yet  one  comes  across  people  who,  after  listening 
^  uu  interesting  lecture  Lord  Rayleigh  might  give,  illustrated  by  Mr. 
^ys's  sound-pressure  meter,  would  make  the  above  statements,  and 
'^lly  think  they  understood  them. 

The  subject  is  very  difficult;  onethjit  hjis  engaged  the  attention  of 

^*^Onghtful  and  clever  men  for  many  years,  and  is  still  in  many  parts, 

^^"^n  to  the  most  acute,  shrouded  with  difficulties,  uncertainties,  and 

*^iiig8  unknown,  so  that  nobody  need  be  the  least  ashamed  of  not  fol- 

*  From  Xature,  April  9, 1891;  vol.  xliii,  pp.  536-538;  and  May  7  and  14,  1891;  vol. 

^^V,  pp.  12-14,  and  31-35. 
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lowing  even  as  far  as  others  can  go  into  this  wonderful  region.    If  tbe 
present  articles  can  give  to  most  who  read  them  glimpses  whicli  un- 
fold intelligible  ideas  of  even  the  outskirts  of  this  region,  it  is  alltbat 
any  writer  can  reasonably  expect  who  is  not  one  of  those  masters  of 
exposition  who  combine  the  highest  scientific  and  literary  abilities. 

Consider  for  a  minute  the  question  at  issue.    That  electric  and  mag- 
netic phenomena  are  due  to  the  same  medium  by  which  light  is  propa- 
gated— that  all-pervading  medium  by  whose  assistance  we  receive  aU 
the  energy  on  this  earth  that  makes  life  here  possible,  by  which  w^ 
learn  the  existence  of  other  worlds  and  suns,  and  analyze  their  struc- 
tures and  read  their  histories;  that  medium  which  certainly  i)ervade^ 
all  transparent  bodies,  and  probably  all  matter,  and  extends  as  far  aB 
we  know  of  anything  existing:  this  wonderful  all  pervading  medium  i^ 
the  one  wo  use  to  push  and  i)ull  with  when  we  act  by  means  of  electrics 
and  magnetic  forces;  and  remember  that  we  can  pull  molecules  asundei* 
by  this  means  as  well  as  propel  trains  and  light  our  houses.    The  forces^ 
between  atoms  are  controlled  by  this  all-pervading-medium,  whielx 
directs  the  compass  of  the  mariners,  signals  around  the  globe  in  times 
that  shame  e'en  Shakespeare's  fancy,  rends  the  oak,  and  terrifies  crea- 
ation's  lords  in  the  lightning  flash.    Itwas  a  great  discovery  that  proved 
all  concord  of  sweet  sounds  was  due  to  the  medium  that  supplies  the^ 
means  of  growth  to  animals  and  plants,  and  deals  ^destruction  in  tbc3 
whirlwind;  and  yet  the  80  miles  depth  of  our  air  is  but  an  infinitesimal 
film  compared  with  the  all-pervading  illimitable  jether. 

That  there  is  a  medium  by  which  light  is  transmitted  in  a  manner 
somewhat  analogous  to  that  by  which  the  air  transmits  sound  has  beei* 
long  held  proved.     Even  those  who  held  that  light  was  due  to  little 
particles  shot  out  by  luminous  bodies  were  yet  constrained  to  super- 
X>ose.a  medium  to  account  for  the  many  strange  actions  of  these  parti- 
cles.   Kow,  no  one  thinks  that  light  is  due  to  such  particles,  and  only  5* 
very  few  of  those  who  have  really  considered  the  matter  think  that  it  can 
be  due  to  air,  or  other  matter  such  as  we  know.    How  does  light  exis^* 
for  those  eight  minutes  after  it  has  left  the  sun  and  before  it  reach^^ 
the  earth?    Between  the  sun  and  earth  there  is  some  matter,  no  double 
but  it  is  in  far-separated  parts.    There  are  Mercury  and  Venus,  an  ^^ 
some  meteors  and  some  dust  no  doubt,  and  wandering  molecules  o* 
various  gases,  many  yards  apart,  that  meet  one  another  every  few  daya^? 
perhaps,  but  no  matter  that  could  pass  on  an  action  from  point  to  ix)ii»  ^ 
at  a  rate  of  thousands  of  miles  each  second.    Some  other  medium  nui.^^ 
be  there  than  ordinary  gross  matter.    Something  so  subtle  thatth^^ 
planets,  meteors,  and  even  comets — those  wondrous  fleecy  fiery  cloud  ^ 
rushing  a  hundred  times  more  quickly  than  a  cannon-ball  around  tli^ 
sun — are  imperceptibly  impeded  by  its  presence,  and  yet  so  constituted^ 
as  to  take  up  the  vibrations  of  the  atoms  in  these  fiery  clouds  and  sea^ 
them  on  to  us  a  thousand  times  more  rapidly  again  than  the  coni^^ 
moves,  to  tell  us  there  is  a  comet,  and  teach  us  what  kinds  of  atoEB^ 
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vibrate  in  its  tail.  How  can  a  medium  have  these  contrary  properties? 
How  can  it  offer  an  imperceptible  resistance  to  the  comet,  and  yet  take 
up  the  vibrations  of  the  atoms!  These  are  hard  questions,  and  science 
lias  as  yet  but  dim  answers  to  them,  hardly  to  be  dignified  by  the  name 
of  answers — rather  dim  analogies  to  show  that  the  properties  supposed 
to  CO  exist,  though  seeming  contradictory,  are  not  so  in  reality. 

One  of  the  most  beautiful  experiments  man  knows — one  fraught 
with  more  suggestions  than  almost  any  hundred  others — is  that  by 
which  a  ring  of  air  may  be  thrown  through  the  air  for  many  yards,  and 
two  such  rings  may  hit,  and  shivering,  rebound.  These  rings  move 
in  curved  jjaths  past  one  another  with  almost  no  resistance  to  their 
motion,  urged  by  an  action  not  transmitted  in  time  from  one  ring  to 
another,  but,  like  giavitation,  acting  wherever  a  ring  may  be,  and  yet 
the  air  through  which  they  move  can  take  up  vibrations  from  the  rings 
showing  thus  that  there  is  no  real  contradiction  between  the  properties 
of  things  moving  through  a  medium  unresistedly  in  certain  paths  round 
one  another,  and  yet  transmitting  other  motions  to  the  medium.  This 
same  air  can  push  and  pull,  as  when  it  sucks  up  waterspouts  and  deals 
destruction  in  tornadoes.  Hence  there  seems  no  real  contradiction 
between  a  medium  that  can  push  and  jmll  and  transmit  vibrations,  and 
yet  offer  no  resistance  to  such  fragile,  light,  and  large-extended  things 
as  rings  of  air. 

It  is  important  to  understand  something  about  the  properties  that 
this  medium  must  have  in  order  to  explain  light,  electricity,  and  mag- 
netism, because  there  is  no  use  expecting  a  medium  to  possess  contra- 
dictory properties.  It  is  also  well  to  recollect  that  for  about  two  hun- 
dred years  the  existence  of  a  medium  by  which  light  is  propagated  has 
been  considered  as  certain,  and  that  it  would  be  very  remarkable  if 
this  medium,  which  can  be  set  in  vibration  by  material  atoms,  acted 
on  matter  in  no  other  way.  It  seems  almost  impossible  but  that  a 
^nedium  which  is  moved  by  atoms,  and  which  sets  them  into  motion, 
should  be  able  to  move  such  armies  of  atoms  as  we  deal  with  in  material 
^>odie8.  Even  if  we  knew  nothing  of  electricity  and  magnetism,  it 
would  be  natural  to  look  for  some  important  phenomena  due  to  the 
^tion  of  this  medium  on  masses  of  matter.  The  medium  is  a  vera  causa,, 
^od  if  it  can  be  shown  that  the  same  set  of  properties  by  which  electric 
and  magnetic  forces  are  explained  will  also  enable  it  to  transmit  vibra- 
^ons  that  have  all  the  properties  of  light,  it  will  surely  bo  beyond  a 
^oubt  but  that  these  electric  and  magnetic  actions  are  those  very  ones 
w^  Would  naturally  exi>ect  from  the  medium  that  propagates  light. 

^'lerk  Maxwell  some  years  ago  showed  that  this  was  so,  but  as  far  as 
^'^y  facts  known  at  that  time  could  prove,  there  were  other  theories  of 
'Electric  and  magnetic  actions  which  explained  their  known  phenomena 
without  the  intervention  of  a  medium.  The  matter  stood  somewhat 
tuns:  The  older  theories  of  electric  and  magnetic  force  explained  all 
pbenomena  then  known.    These  older  theories  assumed  that  electric 


206  hertz's  experiments. 

and  magnetic  forces  were    propagated    instantaneously  througbottt 
space;  that  if  the  sun  became  electrified  it  would  instantaneously 
begin  to  induce  electricity  on  the  earth;  that  there  would  be  no  delay 
of  eight  minutes,  such  as  occurs  between  a  light  occurring  on  the  suO 
and  its  acting  on  the  earth.     Similarly  in  the  case  of  magnetic  action^ 
they  were  supposed  to  be  i>ropagated  instantaneously  throughout 
space.    It  was,  no  doubt,  known  that  it  took  time  for  an  electric  signal 
to  be  transmitted  along  a  conducting  cable.    This  is  however  a  very 
much  more  complicated  problem  than  the  simple  one  of  supposing  a 
body  surrounded  by  a  non-conductor  to  be  electrified.    Will  it  or  will 
it  not  instantaneously  act  on  all  conductors  in  space,  and  begin  to  in- 
duce electrification  on  them  ?    As  far  as  was  known  such  actions  as 
this,  fictions  through  non-conducting  space,  were  instantaneous.    Such 
an  instantaneous  action  could  not  be  transmitted  by  the  air.     Air  can 
not  send  on  from  point  to  point  any  effect  more  rapidly  than  a  mole^^ule 
of  air  can  moving  carry  it  forward,  and  that  is  only  a  little  faster  than 
the  velocity  of  sound ;  and  there  was  every  reason  to  know  that  electric 
induction  through  air  was  propagated  much  more  rapidly  than  that. 
There  was  every  reason  to  believe  that  electric  and  magnetic  forces 
acted  without  any  material  intervention. 

In  fact,  in  these  older  theories  there  was  no  thought  of  any  medium 
to  transmit  the  actions;  it  was  supposed  that  electricity  acted  across 
any  intervening  space  instantaneously.    There  is  no  real  difficulty  in. 
such  a  supposition.    As  far  as  we  know  gravitation  is  just  such  ai& 
action,  and  as  far  as  was  ilien  known  there  was  no  experiment  thafc 
disproved  the  supposition  in  the  case  of  electric  and  magnetic  actions- 
It  was  known  that  no  experiment  had  ever  been  devised  that  could  test: 
whetlier  this  action  was  instantaneous  or  whether  it  was  propagated, 
at  a  rate  such  as  that  of  light.    It  was  known  that  this  action  was^ 
enormously  more  rapid  than  sound,  but  as  light  goes  about  300,0(H_^ 
times  as  fast  as  sound  there  was  plenty  of  spare  velocity.    These  olderr 
theories  explained  all  that  was  known,  and  they  supposed  nothing  as^ 
to  the  existence  of  an  intervening  medium.    Any  theory  that  assumecL 
that  induction  was  not  instantaneous,  but  that  energy  having  beer^ 
spent  on  eleetrilication  at  one  place  work  would  be  done  at  anothe*:^ 
after  some  time,  as  in  the  case  of  light  generated  on  the  sun  not  reach -^ 
ing  the  earth  for  eight  minutes,  any  theory  that  assumed  such  a  dis- 
appearance of  energy  at  one  place  and  its  re-api)earance  at  anothe 
after  the  lapse  of  some  time  nmst  assume  some  medium  in  which  th 
energy  exists  after  leaving  the  one  place  and  before  it  reaches  the^ 
other.    A  theory  that  only  supposes  instantaneous  action  throughou 
space  need  not  assume  the  existence  of  a  medium  to  transmit  the  action 
but  any  theory  that  supposes  an  action  to  take  time  in  being  tran» 
mitt^d  from  one  place  to  another  must  assume  the  existence  of 
medium.    Now,  Maxwell's  theory  assumed  the  existence  of  a  medium 
and  along  with  that  led  to  the  conclusion  that  electric  and  magneti 
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actions  were  not  propa«:ated. instantaneously,  but  were  propagated 
with  the  velocity  of  light.  According  to  his  theory  an  electric  disturb- 
ance occurring  on  the  sun  would  not  produce  any  efifect  on  the  earth 
for  about  eight  minutes  after  its  occurrence  on  the  sun.  No  experi- 
ments were  known  to  test  the  truth  of  this  deduction  until  the  genius 
of  Hertz  brought  some  of  the  most  beautifully  conceived,  ingeniously 
devised,  and  laboriously  executed  of  experiments  to  a  brilliantly  suc- 
cessful conclusion,  and  demonstrated  the  proi)agation  of  electric  and 
magnetic  actions  with  the  velocity  of  light,  and  thereby  proved  experi- 
mentally that  they  are  due  to  that  same  wondeifiil,  all-pervading 
medium  by  means  of  which  we  get  jxll  the  energy  that  makes  life  here 
I)ossible. 

The  problem  to  be  solved  was,  are  electric  and  magnetic  actions  propa- 
gated from  place  to  place  in  a  finite  time,  or  are  they  simultaneous 
everywhere?  How  can  experiments  be  made  to  decide  this!  Consider 
the  corresponding  problem  in  sound.  What  methods  are  there  for  de- 
termining the  rate  at  which  sound  is  propagated?  An  experiment  that 
measures  the  rate  can  tell  whether  that  rate  is  finite  or  whether  it  is 
infinitely  great.  There  are  two  important  methods  employed  for  meas- 
uring the  velocity  of  sound.  The  second  is  really  only  a  modification 
of  the  first  direct  method,  as  will  be  seen.  The  direct  method  is  to  make 
a  sudden  sound  at  a  phice  and  to  find  how  long  afterward  it  reaches 
a  distant  place.  In  this  method  there  is  required  some  i)ractically  in- 
stantaneous way  of  communicating  between  the  two  places,  so  that  the 
distant  olxserver  may  know  when  the  sound  started  on  its  journey.  A 
JJiodification  of  the  method  does  not  require  this.  It  depends  on  the 
u^e  of  reflection.  If  a  sound  be  made  at  a  distance  from  a  reflecting 
su^rface,  the  interval  of  time  between  when  the  sudden  sound  is  made  and 
^l»cn  the  reflectiHl  sound  (the  echo)  returns,  is  the  time  the  sound  took 
to  travel  to  the  reflector  and  back  again.  A  well-known  modification 
of  this  method  can  be  applied  if  we  (jan  secure  a  succession  of  sudden 
*^nmls,  such  as  taps,  at  accurately  equal  intervals  of  time.  We  origi- 
^*^t^  such  a  regular  succession  of  taps,  and  alter  the  distauce  from  the 
r^tiector  until  each  reflected  tap  occurs  simultaneously  with  the  succeed- 

• 

i^g:  incident  tap.    Or  if  the  distance  at  which  we  can  put  the  reflector 
^  sufficiently  great,  we  may  arrange  it  to  be  such  that  a  reflected  tap 
^^  lieard  simultaneously  with  the  second,  third,  fourth,  or  any  desired 
succeeding  tap.    The  coincidence  of  the  taps  with  their  reflections  can 
^^  fairly  accurately  observed,  and  a  ftiirly  accurate  estimate  formed  of 
the  velocity  of  scmnd,  i.  e,^  the  velocity  at  which  a  compressing  or  rare- 
fying of  the  air  is  i)ropagated  by  the  air.     Instead  of  altering  the  dis- 
^nceof  the  source  of  sound  from  the  reflector,  we  may  ourselves  move 
5^VK)ut  between  the  source  and  the  reflector,  and  we  can  find  some  places 
when*  the  reflected  taps  occur  simultaneously  with  the  incident  taps, 
^tt(l  some  i>laces  where  they  o(*cur  between  the  incident  ones.    This  is 
pretty  evident,  for  if  we  start  from  the  souix*e  toward  the  reflector.,  aa 
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we  approach  it  we  get  the  reflected  taps  earlier  and  the  incident  ones 
later  than  when  we  were  at  the  sonrce.  How  far  must  we  go  toward 
the  reflector  in  order  that  the  original  and  reflected  taps  may  again  ap- 
pear simultaneous f  We  must  go  half  the  distance  that  a  tapis  propa- 
gated during  the  interval  between  two  taps — half  the  distance,  because 
in  going  away  from  the  source  we  are  approaching  the  reflector  and  so 
make  a  double  change — we  not  only  get  the  original  ones  later,  but  we 
also  get  the  reflected  ones  earlier,  and  so  coincidence  will  have  again 
been  reached  when  we  have  gone  half  the  distance  between  any  pair 
of  compressions  travelling  in  the  air.  Now,  if  the  taps  succeed  one 
another  slowly,  the  distance  in  the  air  between  any  two  of  them  trav 
elling  through  it  will  be  considerable;  any  one  of  them  will  go  a  cou 
siderable  distance  from  the  source  before  its  successor  is  started  aftei 
it.  If,  on  the  contrary,  they  succeed  one  another  rapidly,  the  distance 
between  the  travelling  taps  will  be  small. 

In  general,  if  v  be  the  velocity  with  which  a  tap  travels,  and  t  Ix 
the  interval  of  time  between  successive  taps,  the  distance  apart  of  th< 
taps  travelling  in  the  air  will  be  X=vt.  By  arranging,  then,  that  tU< 
taps  shall  succeed  one  another  very  rapidly,  i.  e.,  by  making  t  small 
we  can  arrange  that  A  may  be  small,  and  that  consequently  the  uis 
tance  between  our  source  of  sound  and  the  reflecting  wall  may  hi 
small  too,  and  yet  large  enough  to  contain  several  places  at  distances 
of  JA  apart  between  the  source  and  the  reflector  where  the  incidem 
and  reflected  taps  occur  simultaneously.  Now,  a  very  rapid  succes 
sion  of  taps  is  to  us  a  continuous  sound,  and  w^here  the  incident  aiit 
reflected  taps  coincide  we  hear  simply  an  increased  sound,  while  ai 
the  intermediate  places  where  the  incident  taps  occur  in  the  iuter 
vals  between  the  reflected  taps  we  do  not  hear  this  effect  at  all.  Ii 
tlie  case  of  a  succession  of  sharp  taps  we  would  hear  in  this  lattei 
place  the  octave  of  the  original  note,  but  if  the  original  series  be 
instead  of  taps,  a  simple  vibration  of  the  air  into  and  out  from  tbi 
reflector,  the  in  and  out  motions  of  the  incident  waves  will  in  som< 
l)laces  coincide  with  the  in  and  out  motions  of  the  reflected  wave,  au( 
then  there  will  be  an  increased  motion,  while  at  intermediate  places 
the  in  and  out  motions  of  the  incident  wave  will  coincide  with  th< 
out  and  in  motions  of  the  reflected  wave,  and  no  motion,  or  silence 
will  result,  so  that  at  some  places  the  sound  will  be  great  and  at  inter 
mediate  places  small. 

This  whole  effect  of  having  an  incident  and  reflected  wave  travel 
ling  simultaneously  along  a  medium  can  be  simply  and  beautifull) 
illustrated  to  the  eye  by  sending  a  succession  of  waves  along  a  chaii 
or  heavy  limp  rope  or  an  India-rubber  tube  fixed  at  the  far  end  so  at 
to  reflect  the  waves  back  again.  It  will  then  be  found  that  the 
chain  divides  up  into  a  series  of  places  where  the  motion  is  verj 
great,  called  loops,  separated  by  points  where  the  motion  is  verj 
small,  called  nodes.    The  former  are  the  places  where  the  incident  and 
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reflected  motions  reinforce,  while  the  latter  are  where  these  motions 
are  opposed.  If  we  measure  the  distance  between  two  nodes,  we  know 
that  it  is  half  the  distance  a  wave  travels  during  a  single  vibration  of 
the  string,  and  so  can  calculate  the  velocity  of  the  wave  if  we  know 
the  rate  of  vibration  of  the  string.  This  is  the  second  method  men- 
tioned above  for  finding  the  velocity  of  sound.  There  are  so  many 
things  illustrated  by  this  vibrating  chain  that  it  may  be  well  to  dwell 
on  it  for  a  few  moments.  We  can  make  a  wave  travel  up  it,  either 
rapidly  or  slowly,  by  stressing  it  much  or  little.  If  a  wave  travels 
rapiiUy,  we  must  give  it  a  very  rapid  vibration  if  we  wish  to  have 
many  loops  and  nodes  between  our  source  and  the  reflector;  for  the 
distance  from  node  to  node  is  half  the  distance  a  wave  travels  during 
a  vibration,  and  if  the  wave  goes  fast  the  vibration  must  be  rapid,  or 
the  distance  from  node  to  node  will  be  too  great  for  there  to  be  many 
of  them  within  the  length  of  the  chain. 

Another  point*  t-o  be  observed  is  the  wny  in  which  the  chain  moves 
when  transmitting  a  single  wave  and  ^vhen  in  this  condition  of  loops 
and  nodes,  t.  a.,  transmitting  two  sets  of  waves  in  opposite  di*ections. 
There  are  tw^o  different  motions  of  the  parts  of  the  chain  it  is  worth 
considering  separately.  There  m  in  the  first  place  the  displacement 
of  any  link  up  or  down,  and  in  the  second  place  there  is  the  rotation 
of  a  link  on  an  axis  which  is  at  right  angles  to  this  up  and  down 
motion.  Now,  when  weaves  are  going  np  the  chain  those  links  are 
rotating  most  rapidly  which  are  at  any  time  most  displaced;  it  'is  the 
lii>ks  on  the  tops  and  bottoms  of  waves  that  are  rotating  most  rapidly. 
^»  the  other  hand,  in  the  case  of  looi)S  and  nodes  the  links  in  the 
Middle  of  loops  never  rotate  at  all  5  they  are  much  displaced  up  and 
down,  but  they  keep  parallel  to  their  original  direction  all  the  time, 
^hile  it  is  the  links  at  the  nodes  where  there  is  no  displacement  up 
^•»d  down  that  rotate  first  in  one  direction  and  then  back  again; 
there  is,  in  the  loops  and  nodes  condition,  a  separation  of  the  most 
rotating  and  the  most  displaced  links  which  does  not  occur  in  the 
^iinple  wave.  There  is  a  corresponding  relation  between  the  most 
stated  and  the  most  rapidly  moving  links.  These  are  the  same 
^i^iks  halfway  up  the  simple  waves,  but  in  the  loops  and  nodes  the 
^ost  rapidly  moving  links  never  rotate  at  all,  while  those  at  the 
^odes  that  got  most  rotated  are  not  displaced  at  all.  These  remarks 
^'^1  be  seen  hereafter  to  throw  light  on  some  of  the  phenomena  ob- 
^nred  in  connection  with  Hertz's  experiments ;  hence  their  importance. 

Hwill  be  observed  that  the  method  of  measuring  the  velocity  at 
^tich  a  disturbance  is  propagated  along  a  string,  and  whi(ih  depends 
^^  measuring  the  distance  betw^een  two  nodes,  is  really  only  a  modifica- 
"On  of  the  direct  method  of  finding  out  how  hmg  a  distrrbance  takes 
^^  go  from  one  place  to  another;  it  is  one  in  which  wc  make  the  waves 
^^gister  upon  themselves  how  long  fhey  took,  and  so  docs  not  retpiire 
Ws  to  have  at  our  disposal  any  method  of  sending  a  message  from  ope 
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place  to  another  more  quickly  than  the  waves  travel,  and  that  is  ve 
important  when  we  want  to  measure  the  rate  at  which  disturbaiic? 
travel  that  go  as  favSt  as  light.  If  the  wave. travels  very  fast,  we  uiu 
have  a  very  rapid  vibration,  unless  we  have  a  great  deal  of  space 
our  disposal;  for  the  distance  between  tw^o  nodes  is  half  the  distau' 
the  wave  travels  during  one  vibration,  and  so  will  be  very  long  if  tl 
wave  travels  fast,  unless  the  time  of  a  vibration  be  very  shoi 
Hence,  if  we  wish  to  make  experiments  in  this  w.ay,  in  a  moderat 
sized  room,  on  a  wave  that  travels  very  fast,  we  must  have  a  ve: 
rapid  vibration  to  start  the  waves. 

II. 

In  the  preceding  article  a  general  method  of  measuring  the  velocity 
which  a  disturbance  is  propagated  was  described.  It  depended  on  I 
ingable  to  i)roduce  a  regular  succession  of  disturbances  at  equal  int4 
vals  of  time.  These  were  nuide  to  measure  their  own  velocity  1 
reflecting  them  at  an  obstacle.  Then,  by  the  interference  of  the  in< 
dent  and  reflected  waves,  a  succession  of  loops  and  nodes  are  produce 
at  intervals  of  half  the  distance  a  disturbance  is  propagated  duriu 
the  time  between  two  disturbances.  It  is  a  general  method  appliciibl 
to  any  sort  of  disturbance  that  takes  time  to  get  from  one  place  t 
another.  It  has  been  applied  over  and  over  again  to  measure  the  rat 
at  which  various  kinds  of  disturbance  are  propagated  in  solids,  liquids 
and  gases;  it  w as  applied  in  a  modified  form  years  ago,  to  measure  thi 
length  of  a  wave  of  light;  and,  within  the  last  year,  some  of  the  nios 
beantiful  experiments  on  photography  ever  described  are  applications 
of  this  principle  by  Herr  Wiener  and  M.  Lippman. 

There  are  three  things  essential  to  this  experiment:  (I)  Some  methoc 
of  originating  waves;  (2)  some  method  of  reflecting  them;  (3)  soim 
method  of  telling  where  there  are  loops  and  where  there  are  nodes 
We  w^ill  take  them  in  this  order: 

(1)  How  can  we  expect  to  originate  electric  waves?  If,  whenabodj 
is  electrified  positively,  the  electric  force  due  to  it  exists  simultaue 
ously  everj'where,  of  course  Ave  can  not  expect  to  produce  anything  lik< 
a  wave  of  electric  force  travelling  out  from  the  body;  but  if,  when  a 
body  is  suddenly  electrified,  the  electric  force  takes  time  to  reach  a 
pla<5e,  we  must  suppose  that  it  is  propagated  in  some  y^'ny  as  a  waveoi 
electric  force  from  the  body  to  the  distant  place.  This  of  course 
assumes  that  there  is  a  medium  which  is  in  some  peculiar  state  ^^^^^ 
electric  force  exists  init,  and  that  it  is  this  peculiar  state  of  the  mediuu* 
which  we  call  electric  force,  existing  in  it,  that  is  propagated  fironioDe 
place  to  another.  It  must  be  carefully  borne  in  mind  what  sort  of  a 
thing  this  is  that  we  call  the  electric  force  at  anyplace.  It  is  not  a 
good  name, — electric  intensity  would  be  a  better  one;  but  electric  force 
has  come  so  i.uich  into  use  it  is  hardly  to  be  ex[)ected  that  it  can  be 
eradicated  now.    Klectric  force  at  any  place  is  measui*ed  by  the 
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Tneclmnical  force  that  would  be  exerted  at  the  place  if  a  unit  quantity 
of  electricity  were  there.  It  is  not  a  force  itself  at  all;  it  is  only  a 
description  of  the  condition  of  the  medium  at  the  place  which  makCvS 
electricity  there  tend  to  move.  The  air  near  the  earth  is  in  such  a  con- 
dition that  everj^thing  immersed  in  it  tends  to  move  away  from  the 
earth  with  a  force  of  about  1.26  dynes  for  each  cubic  centimeter  of  the 
body,  i.  €.  each  cubic  centimeter  tends  to  move  with  a  force  of  1.26 
dyne«.  Now,  the  condition  of  the  air  that  causes  this  is  never  described 
as  volume  force  existing  at  the  place,  though  we  do  describe  the  corre- 
sponding condition  of  the  aether  as  electric  force  existing  there;  and  as 
volume  force  existing  would  be  a  very  objectionable  description  of  the 
condition  of  the  air,  when  being  at  different  pressures  at  various  levels, 
it  tends  to  make  bodies  move  with  a  force  projjortional  to  their  vol- 
ume, 80  electric  force  existing  is  a  very  objectionable  description  of  the 
condition  of  the  aether,  whatever  it  is,  that  tends  to  make  bodies  move 
with  a  force  in  proportion  to  their  electric  charges.  We  know  more 
about  the  structure  of  the  air  than  we  do  about  the  aether.  We  know 
that  the  structure  of  the  air  that  causes  it  to  act  in  this  way  is  that 
there  are  more  molecules  jumping  about  in  each  cubic  centimeter  near 
the  earth  than  there  are  at  a  distance,  and  we  do  not  know  yet  what 
the  stiTicture  of  the  (ether  is  that  causes  it  to  act  in  this  remarkable 
way;  but  even  though  we  do  not  know  the  nature  of  the  structure,  we 
know  some  of  its  effects,  by  means  of  which  we  can  measure  it,  and  we 
can  give  it  a  name.  Although  we  know  very  little  indeed  about  the 
stnicture  of  a  i>iece  of  stressed  india  rubber,  yet  we  can  measure  the 
amount  of  its  stress  at  any  place,  and  can  call  the  india  rubber  in  this 
peculiar  condition  '^  stressed  india  rubber."  As  a  matter  of  fact,  we 
know  a  great  deal  more  about  the  peculiar  condition  of  the  lether  that 
^^  describe  as  "electric  force"  existing,  than  we  do  about  the 
''^tressed  india  rubber;"  and  there  is  every  reason  to  suppose  that  the 
structure  of  the  aether  is,  out  of  all  comparison,  more  simple  than  that 
of  india  rubber. 
When  sound-waves  travel  through  the  air,  they  consist  of  compres- 

• 

'^loiis  followed  by  rarefactions,  and  between  them  the  pressure  varies 
fiom  point  to  point,  s#  that  here  we  have  travelling  forward  a  structure 
t^e  same  as  that  of  the  air  near  the  earth,  and  waves  of  sound  might 
^  described  as  consisting  of  a  succession  of  positive  and  negative 
'  volmu^j  forces"  travelling  forward  in  the  air;  this  form  of  expression 
^ould  no  doubt  be  objectionable,  but  still  if  all  we  knew  about  the 
properties  of  the  air  near  the  earth  was  that  it  tended  to  make  bodies 
|Qove  away  from  the  earth  with  a  force  proportional  to  their  volume,  it 
^s  fjuite  likely  that  this  condition  of  affairs  near  the  earth  might  have 
•^^n  described  as  the  existence  of  a  "  volume  force  "  near  the  earth, 
^nd  when  it  was  discovered  that  this  action  was  due  to  a  medium,  the 
^ii\  it  would  have  been  quite  natural  to  describe  this  state  of  the  air  as 
^'volume  force"  existing  in  it;  and  then  when  waves  of  souud \\<^x^  oXi^ 


212  hertz's  experiments. 

served  it  would  be  quite  natural  that  they  should  be  described 
waves  of  "volume  force,"  especially  if  the  only  way  in  which  we  c< 
detect  the  presence  of  these  waves  was  by  observing  the  force  exe 
on  bodies  immersed  in  it,  which  was  proportional  to  their  volumes, 
which  we  happen  to  know  is  really  clue  to  differences  of  pressur 
neighboring  points  in  the  air.  We  do  not  know  what  is  the  struc 
of  the  {ether  that  causes  it  to  exert  force  on  electrified  bodies,  bu 
know  of  the  existence  of  this  property,  and  when  it  is  in  this  stat 
say  that  "electric  force"  exists  in  it,  and  we  have  certain  way 
which  we  can  detect  the  existence  of  ''  electric  force,"  one  of  whi 
the  production  of  an  electric  current  in  a  conductor,  and  the  conseq 
electrification  of  the  conductor,  and  if  this  is  strong  enough  we 
produce  an  electric  spark  between  it  and  a  neighboring  conda 
When  a  conductor  is  suddenly  electrified,  the  structure  of  the  n 
which  is  described  as  electric  force  existing  in  it  travels  from  its  n 
borhood  through  the  surrounding  a?ther,  and  this  is  described 
wave  of  electric  force  travelling  through  the  surrounding  aether, 
desirable  to  be  quite  clear  as  to  what  is  meant  by  the  term  a  wa 
electric  force  and  what  we  know  about  it.  We  know  that  it  is  arc 
of  aether  where  its  structure  is  the  same  as  in  the  neighborhood  of 
trifled  and  some  other  bodies,  and  owing  to  which  force  is  exert€ 
electrified  bodies,  and  electric  currents  are  i)Tocluced  in  conductors 

We  may  then  reasonably  expect  that,  if  it  is  possible  to  electr 
body  alternately  positively  and  negatively  in  rapid  succession,  t 
will  be  produced  all  round  it  waves  of  electric  force — that  is,  if 
electric  force  is  juopagated  by,  and  is  due  to,  a  medium  surroun* 
the  electrified  body,  if  electrification  is  a  special  state  of  the  me<] 
that  fills  the  space  between  bodies. 

(2)  The  next  question  is:  How  can  we  reflect  these  waves?  lu  o 
to  reflect  a  wave,  we  must  interpose  in  its  way  some  body  that  stof 
What  sort  of  bodies  stop  electric  force!  Ccmductors  are  known  to 
as  complete  screens  of  electric  force,  so  that  a  large  conducting  s 
would  naturally  be  suggested  as  the  best  way  to  reflect  waves  of 
trie  force.  Reflection  always  occurs  when  there  is  a  change  in 
natureof  the  medium,  even  though  the  change. is  not  so  great  a 
stop  the  wave,  and  it  has  long  been  known  that,  besides  the  actic 
cjonductors  as  screens  of  electric  force,  difterent  non-conductors 
differently  in  reference  to  electric  force  by  differing  in  8i)ecific  iudui 
capacity.  Hence  we  might  expect  non-conductors  to  reflect  t 
waves,  although  the  reflection  would  probably  not  be  so  intense 
them  as  from  conductors.  Hence  this  question  of  how  to  reflect 
waves  is  pretty  easily  solved.  All  this  is  on  the  supposition  that  t 
really  are  waves.  If  electric  force  exist  ev^erywhere  simultaneoi 
of  course  there  will  be  no  waves  to  reflect,  and  (*onsequently  no  1 
and  nodes  produced  by  the  interference  of  the  incident  and  reflc 
waves. 
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(3)  The  third  inoblem  in:  How  can  we  expect  to  detect  where  there 
are  loops  and  where  there  are  nodes?    Kecall  the  effects  of  electric  force. 
It  t^nds  to  move  electrified  bodies.    If  then  an  electrified  body  were 
placed  in  a  loop  it  would  tend  to  vibrate  up  and  down.    This  method 
may  possibly  be  employed  at  some  future  time,  and  it  may  be  part  of 
the  cause  of  photographic  actions,  for  these  have  recently  been  conclu- 
sively proved  to  be  due  to  electric  force;  but  the  alternations  of  electric 
force  from  positive  to  negative  that  have  to  be  employed  are  so  rapid 
that  no  body  large  enough  U)  be  easily  visible  and  electrified  to  a  reason- 
able extent  could  be  expected  to  move  sufficiently  to  be  visibly  dis- 
turbed.   It  is  possible  that  we  may  find  some  way  of  detecting  the 
vibrations  hereby  given  to  the  electrified  ions  in  an  electrolyte;  and 
it  lias  recently  been  stated  that  waves  originated  electrically  shake  the 
elements  in  sensitive  photographic  films  sufficiently  to  cause  changes 
tbat  can  be  developed.    The  other  action  of  electric  force  is  to  produce 
an  electric  current  in  a  conductor  and  a  resultant  electrification  of  the 
conductor.    Two  effects  due  to  this  action  have  actually  been  used  to 
detect  the  existence  of  the  wave  of  electric  force  sent  out  by  a  body 
alternately  electrified  positively  and  negatively.    One  of  these  is  the 
beating  of  the  conductor  by  the  current.    Several  exi)erimenter8  have 
directly  or  indirectly  used  this  way  of  detecting  the  electric  force.    The 
other  way,  which  has  proved  so  for  the  most  sensitive  of  all,  lias  been 
to  use  the  electrification  of  the  conductor  to  cause  a  spark  across  an 
air  space.    This  is  the  method  Hertz  originally  employed.    A  priori^ 
one  would  not  have  expected  it  to  be  a  delicate  method  at  all.    It  takes 
very  considerable  electric  forces  to  produce  visible  sparks.    On  the 
other  hand,  the  time  the  force  need  last  in  order  to  i)roduce  a  spark  is 
something  very  small  indeed,  and  hitherto  it  has  not  been  possible  to 
keep  up  the  alternate  electi-ifieatioiis  for  more  than  a  minute  fraction  of 
a  second,  and  this  is  the  reason  wTiy  other  apparently  more  promising 
Jnethods  have  failed  to  be  as  sensitive  as  the  method  of  prcKlucing 
f^parks.    If  two  conductors  be  placed  very  close  to  one  another  in 
snob  a  direction  that  the  electric  force  is  in  the  line  joining  them,  their 
D^^ir  surfaces  will  be  oppositely  electrified  when  the  electric  force 
acts  on  them,  and  we   may  expect  that,  if  the  force  be  great  enough 
and  the  surfaces  near  enough,  an  electric  spark  will  pass  from  one  to 
™  other.    This  is  roughly  the  arrangement  used  by  Hertz  to  detect 
^vhether  there  are  loops  and  nodes  between  the  originator  of  the  waves 
and  the  reflector. 

Now  arises  the  problem  of  how  to  electrify  the  body  alternately  posi- 
tively and  negatively  with  sufficient  rapidity.  How  rapid  is  ''  with  suffi- 
l^icnt  rapidity  f  To  answer  this  we  must  form  some  estimate  of  how  rap- 
idly  we  may  expect  the  waves  to  be  propagated.  According  to  Maxwell's 
tiieory  they  should  go  at  the  same  rate  as  light,  some  300,000,000  of 
Meters  per  second,  and  it  is  evident  that  if  we  are  going  to  test  Maxwell's 
theory  we  must  make  provision  for  sufficiently  rapid  electric  vibrations 


214  HERTZES   EXlPERlMENTS. 

to  give  some  result  if  the  waves  are  propagated  at  this  enormous  rat^* 
The  distance  from  a  node  to  a  node  is  half  the  distance  a  wave  travels  i\u^ 
ing  a  vibration.  If  we  can  produce  vibrations  at  the  rate  of  300,000,0*^*^ 
per  second,  a  wave  would  go  1  metre  during  a  vibration,  so  that,  wit 
this  enormous  rate  of  alternation,  the  distance  from  node  to  node  woi\l 
be  50"'^'  We  might  expect  to  be  able  to  w-ork  on  this  scale  ver 
well,  or  even  on  ten  times  this  scale,  /.  c,  with  alternations  at  the  rat 
of  30,000,000  per  second,  and  5  metres  from  node  to  node,  but  hardl 
on  a  much  larger  scale  than  this.  It  almost  takes  one's  breath  awa 
to  contemplate  the  production  of  vibrations  of  this  enormous  rapidit; 
Of  course  they  are  very  much  slower  than  those  of  light;  these  latt< 
are  more  than  a  million  times  as  rapid;  but  300,000,000  per  second 
enormously  more  rapid  than  any  audible  sound,  about  a  thousai 
times  as  fast  as  the  highest  audible  note.  A  short  bar  of  metal  vibrat 
longitudinally  very  fast,  but  it  would  have  to  be  about  the  thousandi 
of  a  centimeter  long  in  order  to  vibrate  at  the  required  rate.  It  won 
be  almost  hopeless  by  mechanical  means  to  produce  electric  altern 
tions  of  this  frequency.  Fortunately  there  is  an  electric  method  of  pr 
ducing  very  rapid  alternate  electrifications.  When  a  Leyden  Jar 
discharged  through  a  wire  of  small  resistance,  the  self-induction  of  tl 
current  in  this  wire  keeps  the  current  running  after  the  jar  is  di 
charged,  and  re-charges  it  in  the  opposite  direction,  to  immediate 
discharge  back  again,  and  so  on  through  a  series  of  alternations.  Th 
action  is  quite  intelligible  on  the  hypothesis  that  electrifications  co 
sists  in  a  strained  condition  of  the  fether,  which  relieves  itself  by  meai 
of  the  conductor.  Just  as  a  bent  spring  or  other  straiued  body,  whi 
allowed  suddenly  to  relieve  itself,  relieves  itself  in  a  series  of  vibr 
tions  that  gradually  subside,  similarly  the  strain  of  the  aether  relieve 
itself  in  a  series  of  gradually  subsiding  vibrations.  If  the  sprin 
while  relieving  itself  has  to  overcottie  frictional  resistance,  its  vilm 
tions  will  rapidly  subside;  and  if  the  friction  be  sufficiently  great^  i 
will  not  vibrate  at  all,  but  will  gradually  subside  into  its  position  o 
equilibrium.  In  the  same  manner,  if  the  resistance  to  the  relief  of  tli( 
strain  of  the  medium,  which  is  offered  by  the  conducting  wire,  he 
great,  the  vibrations  will  subside  rapidly,  and  if  the  resistance  of  the 
wire  be  too  great,  there  w-ill  not  be  any  vibrations  at  all. 

Of  course,  quite  independently  of  all  frictional  and  viscous  resistances, 
a  vibrating  spring,  such  as  a  tuning-fork  that  is  producing  sound-waves 
in  tlie  air,  which  carry  the  energy  of  the  fork  away  fromit  into  the  sur- 
rounding medium,  will  gradually  vibrate  less  and  less.  In  the  siiine  way, 
(piite  independently  o.  the  resistance  of  the  conducting  wire,  we  ©uS'' 
expect  that,  if  a  discharging  conductcu*  produces  electric  waves,  i^ 
vibrations  must  gradually  subside  owiug  to  its  energy  being  gradually 
transferred  to  the  surrounding  medium.  As  a  consequence  of  this  tbe 
time  that  a  Leyden  jar  takes  to  discharge  itself  in  this  way  may  be  very 
short  indeed.      It  may  perform  a  good  many  oscillations  in  this  veiy 
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abort  time,  but  then  ea<»li  oscillation  takes  an  exceedingly  short  time.   To 

jjet  some  idea  of  what  quantities  we  are  dealing  with,  consider  the  rates 

of  oscillation  which  would  give  wave-lengths  that  were  short  enough  to 

be  conveniently  dealt  with  in  laboratories.    Three  hundred  million  per 

second  would  give  us  waves  1  meter  long;  consider  what  is  meant  by 

100,000,000  per  second.    We  may  get  some  conception  of  it  by  calculating 

the  time  corresjwnding  to  one  hundred  million  seconds.    It  is  more  than 

three  years  and  two  months.    The  pendulum  of  a  clock  would  have  to 

oscillate  three  years  and  two  months  before  it  would  have  performed 

5VS  mauy  oscillations  as  we  require  to  be  performed  in  one  second.    The 

l)en(lalum  of  a  clock  left  to  itself  without  weights  or  springs  to  drive  it, 

anil  only  given  a  single  impulse,  would  practically  cease  to  vibrate  after 

it  had  performed  40  or  50  vibrations,  unless  it  were  very  heavy,  i.  e.,  had 

a  great  store  of  energy  or  were  very  delicately  suspended,  and  exposed 

only  a  small  resistance  to  the  air.     A  light  pendulum  would  be  stopped 

by  communicating  motion  to  the  air  after  a  very  few  vibrations.    The  case 

of  a  Leyden  jar  discharge  is  more  like  the  case  of  a  mass  on  a  spring 

than  the  case  of  a  pendulum,  because  in  the  cases  of  the  Leyden  jar 

there  is  nothing  quite  analogous  to  the  way  in  which  the  earth  pulls 

the  pendulum :  it  is  the  elasticity  of  the  {ether  that  causes  the^electric 

currents  in  the  Leyden  jar  discharge,  just  as  it  is  the  elasticity  of  the 

spring  that  causes  the  motion  ot  the  matter  attached  to  it  in  the  case 

of  a  mass  vibrating  on  a  spring. 

It  is  possible  to  push  this  analogy  still  further.  Under  what  condi- 
tions would  the  spring  vibrate  most  rapidly?  When  the  spring  was 
stiff  and  the  mass  small.  What  is  meant  by  a  spring  being  stiff?  When 
a  considerable  force  only  bends  it  a  little.  This  corresponds  to  a  con- 
f  siderable  electric  force  only  electrifying  the  Leyden  jar  coatings  a  little, 
».  e.  to  the  Leyden  jar  having  a  small  capacity.  We  would  consequently 
expect  that  the  discharge  of  a  Leyden  jar  with  a  small  capacity  would 
vibrate  more  rapidly  than  that  of  one  with  a  large  capacity,  and  this  is 
the  case.  In  order  to  make  a  Leyden  jar  of  very  small  capacity  we  must 
We  small  conducting  surfaces  as  far  apart  as  possible,  and  two  sepa- 
rate plates  or  knobs  do  very  well.  The  second  condition  for  rapid  vibra- 
tion was  that  the  mass  moved  should  be  small.  In  the  case  of  electric 
currents  what  keeps  the  cuiTent  running  after  the  plates  have  become 
distbarged  and  re-charges  them  again,  is  the  so-called  self-induction  of 
the  current.  It  would  be  well  to  look  ui)on  it  as  magnetic  energy  stored 
'U>  in  the  jether  around  the  current,  but  whatever  view  is  taken  of  it,  it 
evidently  corresponds  to  the  mass  moved,  whose  energy  keeps  its  mov- 
^'Jjr  after  the  spring  is  unbent,  and  re-bends  the  spring  again.  Hence  we 
^'^^y  coDclude  that  a  small  self-induction  will  favor  rapidity  of  oscillation, 
^•id  this  is  the  case.  To  attain  this  we  must  make  the  distance  the  cur- 
^^nt  has  to  run  from  plat^  to  plate  as  short  as  possible.  The  smaller  the 
plates  and  the  shorter  the  connecting  wire  the  more  rapid  the  vi bra- 
^ons;  in  fact,  the  rapidity  of  vibration  is  directly  proportional  to  the 
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linear  dimensions  of  the  system,  and  for  the  most  rapid  vibrations  t\;^ 
spherical  knobs,  one  charged  positively  and  the  other  negatively,  an 
discharging  directly  from  one  to  the  other,  have  been  nsed. 

Hertz  in  his  original  investigations  used  two  plates  about  40*"  squar 
forming  parts  of  the  same  plane,  and  separated  by  an  interval  of  aboi 
GO*  •"•  Kach  plate  was  connected  at  the  center  of  the  edge  next  the  oth( 
plate  with  a  wire  about  30°"'  long,  and  terminating  in  a  small  brai 
knob.  These  knobs  were  within  2  or  3"""  of  one  another,  so  tbi 
when  one  phite  was  charged  positively  and  the  other  negatively  tin 
discharged  to  one  another  in  a  spark  across  this  gap.  An  apparati 
about  this  size  would  produce  waves  10  or  12  meters  long,  and  its  ni 
of  oscillation  would  be  about  30,000,000  j)er  second.  As  the  vibratii 
actually  produced  by  these  oscillators  seems  to  be  very  complex,  tl 
rate  of  oscillation  can  only  be  described  as  **  about '^  so  and  so.  In 
subsequent  investigation  Hertz  emplo^^ed  two  elongated  cylinde 
about  15^°^  long  and  about  3^'"  in  diameter,  terminated  by  knol 
about  4®™  in  diameter,  and  discharging  directly  into  one  anotlu 
Such  an  oscillator  produces  waves  from  00  to  70*'"'  long,  and  cons 
quently  vibrations  at  the  rate  of  between  400,000,000  and  500,000,0i 
per  second.  Most  other  expeiimenters  have  used  oscillators  about  tl 
same  dimensions  as  Hertz's  larger  apparatus,  as  the  ettects  produce 
are  more  energetic;  but  many  experiments,  especially  on  refractio 
require  a  smaller  wave  to  be  dealt  with,  unless  all  the  apparatus  us< 
be  on  an  enormous  scale,  such  as  could  not  be  accommodated  in  ai 
ordinary  laboratory.  When  we  are  thus  aiming  at  rapid  rates  of  vibr 
tiou,  it  must  be  rec<jllected  that  we  can  not  at  the  same  time  expe 
many  vibrations  after  each  impulse.  If  we  have  a  stiflf  spring  wi 
a  small  weight  arranged  so  as  to  give  a  lot  of  its  energy  to  tl 
surrounding  medium,  we  can  not  expect  to  have  very  much  energy 
deal  with,  nor  many  vibrations,  and,  as  a  matter  of  fact,  we  find  th 
this  is  the  case.  The  total  duration  of  a  spark  of  even  a  large^Leyd< 
jar  is  very  small.  Lord  Rayleigh  has  recently  illustrated  this  ve: 
beautifully  by  his  photographs  of  falUng'drops  and  breaking  bubble 

We  can  not  reasonably  ex])ect  each  spark  to  have  more  than  from  t4 
to  twenty  etfective  oscillations,  so  that,  even  in  the  case  of  the  slow 
oscillator,  the  total  duration  of  the  spark  is  not  above  a  millionth  of 
second.  It  is  very  remarkable  that  the  incandescent  air  (heated  to  i 
candescence  by  the  spark)  should  cool  as  rapidly  as  it  doe^,  but  the 
is  conclusive  evidence  that  it  remains  incandescent  after  the  spsii 
proper  has  ceased,  and  consequently  lasts  incandescent  longer  than  tl 
millionth  of  a  second.  What  is  seen  as  the  white  core  of  the  spar 
may  not  last  longer  than  the  electric  discharge  itself,  and  certain! 
does  not  do  so  in  the  case  of  the  comparatively  very  slowly  oscillatiwi 
sparks  that  have  been  analyzetl  into  their  component  vibratious  bj 
photographing  them  on  a  moving  plate.  The  incandescent  air  remain- 
ing in  the  path  of  such  discharge  is  probably  the  conducting  V^Lth 
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tUrongh  which  the  oscillatiug  current  rushes  backward  and  forward. 
Once  the  air  gap  has  been  broken  through,  the  character  of  the  air  gap 
as  an  opponent  of  the  passage  of  electricity  is  completely  changed. 
Before  the  air  gap  breaks  down  it  requires  a  considerable  initial  dif- 
ference of  electric  pressure  to  start  a  current.  Once  it  has  been  broken 
down,  the  electric  current  oscillates  backward  and  forward  across 
•the  incandescent  air  gap  until  the  whole  diff'erence  of  electric  pressure 
has  subsided,  showing  that  the  broken  air-gap  has  become  a  conductor 
in  which  even  the  feeblest  electric  pressure  is  able  to  produce  an  elec- 
tric current.    If  this  were  not  so,  Leyden  jars  would  not  be  discharged 
by  a  single  spark. 

All  this  is  quite  in  accordance  with  what  we  know  of  air  that  is — or 
even  has  lately  been — incandescent;  such  air  conducts  under  the  feeb- 
lest electric  force.  All  this  is  most  essential  to  the  success  of  our  oscil- 
lator. Only  for  this  valuable  property  of  air,  that  it  gives  way  suddenly^ 
and  thence  tor  ward  offers  but  a  feeble  opposition  to  the  rapidly  alternat- 
ing discharge,  it  would  have  been  almost  impossible  to  start  these  rapid 
oscillations.  If  we  wish  to  start  a  tuning  fork  vibrating  we  must  give 
it  a  sharp  blow;  it  will  not  do  to  press  its  prongs  together  and  then  let 
them  go  slowly;  we  must  apply  a  force  which  is  short-lived  in  compari- 
son with  the  period  of  vibration  of  the  fork.  It  is  necessary  then  that 
the  air-gap  must  break  down  in  a  time  short  compared  with  the  rate  of 
oscillation  of  the  discharge;  and  when  this  is  required  to  be  at  the  rate 
of  400,000,000  per  second,  it  is- evident  how  very  remarkably  suddenly 
the  air-gap  breaks  down.  From  the  experiments  themselves  it  seems  as 
if  any  even  minute  roughness,  dust,  etc.,  on  the  discharging  surface 
interfered  with  this  rapidity  of  break-down;  it  seems  as  if  the  ix)ints 
spluttered  out  electricity  and  gradually  broke  down  the  air-gap,  for 
the  vibrations  originated  are  very  feeble  unless  the  discharging  surfaces 
are  kept  highly  polished;  gilt  brass  knobs  iict  admirably  if  kept  i)ol- 
ished  ap  every  ten  minutes  or  so.  One  of  the  greatest  desiderata  in 
these  experiments  is  some  method  of  making  sure  that  all  the  sparks 
^^ould  have  the  same  character  and  be  all  good  ones, 

III. 

In  the  foregoing,  the  principles  upon  which  a  rapidly  vibrating  elec- 
tric oscillator  should  be  constructed  have  been  considered,  and  how  the 
"^udden  break-down  of  the  air-gap  enabled  these  rapid  vibrations  to  be 
started.  It  is  probable  that  this  break-down  occurs  in  a  time  smaller 
than  the  thousand-millionth  of  a  second.  How  very  rapid  the  inter- 
atomic motions  must  be ! 

Consider  now  the  principles  on  which  an  apparatus  is  to  be  con- 
^trncted  to  receive  the  vibrations  produced  by  this  oscillator.  We  may 
^bserve  in  the  first  place  that  as  we  are  dealing  with  a  succession  of 
^^pulse^  at  equal  intervals  of  time  we  can  utilize  resonance  to  accumu- 
*^te  the  effect  of  a  single  impulse.    Eesonance  is  used  in  an  immense 
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variety  of  circumstances  to  accumulate  the  effect  of  a  series  c 
pulses,  and  is  avoided  in  another  immense  variety  of  circumst 
to  prevent  accumulating  the  effect  of  a  series  of  impulses.  W 
we  hear,  we  photograph  by  using  it;  we  use  it  to  make  musical  so 
to  keep  clocks  and  watches  going,  to  work  telegraphs.  By  avci 
it  carriages  drive  safely  over  rough  roads,  ships  navigate  the 
the  tides  do  not  now  overwhelm  the  land,  the  earth  and  p] 
preserve  their  courses  round  the  sun,  and  the  solar  system  is 
from  destruction.  Eesonance  maybe  thus  described:  If  a  sysl 
able  to  vibrate  by  itself  in  any  way,  and  if  we  give  it  a  series  < 
pulses,  each  tending  to  increase  the  vibration,  the  effect  will  be  < 
lative,  and  the  vibration  will  increase.  To  do  this  the  impulses 
be  well  timed,  at  intervals  the  same  as  the  period  of  vibration  < 
system  itself.  Otherwise  some  of  the  impulses  will  tend  to  stc 
the  vibration,  and  only  some  to  increase  it,  and  on  the  whole  the 
will  be  small. 

In  order  to  use  resonance  in  the  construction  of  the  detec 
waves  of  electric  force,  we  must  make  our  detector  so  as  to  be 
ble  of  an  electric  vibration  of  the  same  period  as  the  generator 
waves.  If  we  do  this  we  may  expect  the  currents  i)roduced  ir 
be  increased  by  each  wave,  and  thus  the  electrification  at  its  ei 
increase,  and  so  increase  the  chance  of  our  being  able  to  prod 
visible  spark.  Two  ways  of  using  a  detector  have  been  ment 
One  is  to  observe  the  heating  of  a  conductor  by  the  current 
and  the  other  to  observe  a  spark  due  to  the  electrification  a 
end  of  the  conductor.  The  latter  is  the  most  sensitive  am 
been  most  frequently  employed,  and  is  the  method  first  employe 
Hertz.  .  Two  forms  of  detector  may  be  used  for  observing  sparks, 
form  consists  of  a  single  conductor  bent  into  a  circle  with  its  t\ 
tremities  very  close  together.  An  electric  charge  can  oscillate 
one  end  of  this  to  the  other  round  the  circle  and  back  again.  1 
circle  be  the  proper  size,  about  TO*''"  in  diameter  for  the  large 
oscillator  and  about  8""  in  diameter  for  the  smaller-sized  on 
scribed  in  the  last  article,  the  period  of  oscillation  of  this  charg 
be  the  same  as  that  of  the  charge  on  the  generator  of  the  wavei 
its  oscillation  will  be  increased  by  resonance  until,  if  the  ends  c 
circular  wire  be  close  enough  together,  the  opposite  electrificati 
the  ends  will  become  great  enough  to  cause  a  spark  across  the 
The  other  form  of  detector  depends  on  using  two  conductors,  e£ 
which  lias  the  same  period  of  electric  oscillation  as  the  oscillatioi 
wish  to  detect.  These  are  i>laced  in  such  a  position  that  an  end  ( 
is  near  that  end  of  the  other  which  will  at  any  time  be  oppositely  el 
fied.  For  example,  if  the  electric  force  in  our  weaves  be  in  vertical 
then  if  we  place  two  elongated  conductors,  one  vertically  abov 
other  and  separated  by  a  very  small  air  space,  the  electric  force 
nating  up  and  down  will  cause  currents  to  run  up  and  down  the 
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ductors  simaltatieously,  and  the  upper  euds  of  both  will  be  similarly 

electrified  at  any  instant,  while  the  lower  end  of  tJie  upper  one  will 

always  be  oppositely  electrified  to  the  upper  end  of  the  low  conductor, 

and  if  these  two  points,  or  two  short  wires  connected  with  them,  be 

close  enough  together,  a  spark  will  pass  from  one  to  the  other  whenever 

the  electric  force  sets  up  these  electric  oscillations  in  the  conductor. 

Thus  this  apparatus  is  a  detector  of  the  electric  force.    Whenever  there 

is  a  spark  we  may  be  sure  that  there  is  electric  force,  and  whenever  we 

can  not  get  a  spark  we  may  be  sure  that  there  is  either  no  electric  force 

or  at  any  rato  too  little  to  produce  sparks.    The  apparatus  will  be  more 

sensitive  for  electric  forces  that  oscillate  at  the  same  rate  as  the  natural 

vibration  of  the  electric  charge  on  the  conductor,  because  the  effect  of 

eiich  impulse  will  then  a<ld  to  that  of  the  last;  resonance  will  help  to 

make  the  electrifications  great,  and  so  there  will  be  a  better  chance  of 

our  being  able  to  produce  a  spark. 

We  may  weaken  the  strength  of  this  air-gap  by  reducing  the  pressure 
of  the  air  in  it.    To  do  this  the  ends  of  the  conductors,  or  wires  con- 
nected with  them,  must  lead  into  an  exhausted  air  vessel,  such  as  a 
Geissler's  tube.    There  is  no  doubt  that  much  longer  sparks  may  thus 
be  produced,  but  they  are  so  dim  and  diffused  that  when  dealing  with 
very  minute  quantities  of  electricity  those  sparks  in  a  vticuum  are  not 
more  easily  seen  than  the  smaller  and  intenser  sparks  in  air  at  atmos- 
pheric pressure.    The  additional  complication  and  difficulty  of  manipu- 
lation from  having  the  terminals  in  a  vacuum  are  not  compensated  for 
by  any  advantages.    This  whole  detecting  apparatus  works  on  some- 
what the  same  principle  as  a  resonator  of  definite  size  connected  with 
one's  ear  when  used  to  detect  a  feeble  note  of  the  same  pitch  as  the 
J^sonator.    Such  a  resonator  might  very  well  be  used  to  find  out  where 
this  note  existed  and  where  it  did  not.    It  would  detect  where  there 
were  compressions  and  rarefactions  of  the  air  producing  currents  of  air 
into  and  out  of  your  ear.    In  the  same  way  the  conductor  sparking  tells 
where  there  are  alternating  electric  forces  making  currents  alteruately 
^P  and  down  the  conductor,  and  ultimately  electrifying  the  end  enough 
^  make  it  spark.    In  the  sound  resonator  there  is  nothing  exactly  like 
t^is  last  phenomenon.     We  have  much  more  delicate  ways  of  detecting 
^he  currents  of  fiir  than  by  making  them  break  anything.    If  anybody 
^ould  allow  the  electric  currents  from  a  Hertzian  detector  to  be  led  di- 
^^tly  into  the  retina  of  his  eye,  it  would  probably  be  a  very  delicate 
^ay  of  observing,  though  even  in  this  direct  application  of  the  current 
^  an  organ  of  sense  it  is  possible  that  these  very  rapidly  alternating 
^^rrents  might  fail  to  produce  any  sensible  effect,  for  they  are  not 
^^pid  enough  to  produce  the  photo-chemical  effects  by  which  we  see. 

To  recapitulate  the  arrangements  proposed  in  order  to  detect  whether 
^*^tric  force  is  propagated  with  a  finite  velocity,  and  if  possible  to 
^^asure  it  if  finit^e,  it  is  proposed  to  create  electric  oscillations  of  very 
^eat  rapidity,  oscillating  some  four  or  five  huuded  million  times  per 
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second,  and  it  is  expected  thereby  to  produce  waves  of  electric  fore 
whose  length  will  be  less  than  a  meter  if  they  are  propagated  with  th 
velocity  of  light.  It  is  proposed  to  do  this  by  causing  an  electric  charg 
to  oscillate  backwards  and  forwards  between  two  conductors,  an 
across  an  air  gap  between  them.  This  oscillating  charge  is  to  be  starte 
by  charging  the  conductors,  one  positively  and  the  other  negative!; 
until  they  discharge  by  a  spark  across  this  air  gap.  By  making  tl 
conductors  small,  and  the  distance  the  charge  has  to  go  from  one  i 
the  other  small,  the  rate  of  oscillation  of  the  charge  can  be  made  \ 
great  as  we  require.  If  waves  are  produced  by  this  arrangement,  v 
can  reflect  them  at  the  surface  of  a  large  conducting  sheet,  and  th( 
loops  and  nodes  will  be  produced  where  the  incident  and  reflected  wav< 
co-exist.  The  loops  will  be  places  where  the  alternating  electric  foro 
are  great,  while  at  the  nodes  there  will  be  no  electric  forces  at  all.  1 
order  to  detect  where  there  are  these  alternating  electric  forces  ai 
where  there  are  none,  it  is  proposed  to  use  either  a  single  wire  bei 
nearly  into  a  circle,  with  a  very  minute  air-gap  between  its  ends,  < 
else  two  conductors  placed  end  to  end,  with  a  minute  air  gaj)  betwe< 
their  ends.  In  either  case,  if  the  natural  period  of  vibration  of 
charge  on  the  single  conductor,  or  on  each  of  the  conductors  in  tl 
second  arrangement,  is  the  same  as  the  rate  of  alternation  of  the  ele 
trie  force  we  wish  to  detect,  there  may  be  sufficient  electrification  • 
the  neighboring  ends  to  cause  a  spark  across  the  minute  air-gap.  \\ 
are  thus  in  possession  of  a  complete  apparatus  for  determining  wheth< 
electric  waves  are  produced,  and  what  their  wave  length  is. 

The  experiment  is  conducted  as  follows : 

The  two  conductors  which  are  to  generate  the  waves  are  placed — sa 
one  above  the  other,  so  that  the  electric  charge  will  run  up  and  do\« 
in  a  vertical  line  across  the  spark  gap  between  them.  They  might  1 
placed  horizontally  or  in  any  other  line,  but  for  deflniteness  of  descri 
tion  it  is  well  to  suppose  some  definite  position.  We  may  call  them 
and  B.  They  are  terminated  in  polished  knobs,  between  which  the  spa: 
passes.  A  and  B  are  connected  with  the  terminals  of  a  Ruhmko: 
coil,  or  a  Wimshurst  or  other  apparatus  by  which  a  succession  of  spar 
may  be  conveniently  made  to  pass  from  A  to  B.  Before  the  sp* 
X>asses,  A  and  B  are  being  electrified,  and  when  the  spark  occurs  t- 
electricity  on  A  rushes  over  to  2?,  and  part  of  it  charges  By  while  t 
electricity  on  B  rushes  across  the  spark  and  partly  charges  A,  tl 
taking  place  alternately  up  and  down.  Each  time  there  is  less  el* 
tricity,  for  some  is  neutralized  during  each  oscillation  by  the  opposi 
charge;  for  energy  is  being  spent,  some  in  overcoming  the  resistance 
the  spark  gap,  i.  e,j  in  producing  the  heat  developed  there,  and  some 
producing  electric  waves  in  the  surrounding  medium.  Thus  the  el^ 
trie  energy  of  the  two  oppositely  charged  bodies  A  and  B  is  gradual 
dissipated,  and  one  way  of  describing  this  is  to  say  that  the  two  opT 
site  electric  charges  combine  and  neutralize  one  another.    This  vfl^o 
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langruage  of  talking  of  electric  charges  on  bodies,  and  electric  currents 
from  one  to  the  other,  of  electric  charges  neutralizing  one  another,  and 
Ro  forth,  is  not  in  accordance  with  the  most  recent  developments  of 
electro-magnetic  the<^)ry.     At  the  same  time,  those   for  whom  these 
articles  are  written  are  familiar  with  this  language  and  with  the  view 
of  the  subject  that  ifc  is  framed  to  suit,  while  they  are  unfamiliar  with 
aether  electrically  and  magnetically  strained  and  thereby  the  seat  of 
electric  and  magnetic  energy,  and  consequently  it  would  have  added 
ver>'  much  to  their  difficulty  in  grasping  the  details  of  a  complicated 
question  if  it  had  been  described  in  uufamiliar  terms  and  from  an  un- 
familiar point  of  view. 

The  electric  force  in  the  neighborhood  of  the  vertical  generator  will 
lie  in  vertical  i)lane8  through  it,  and  as  A  and  B  are  alternately  i)ositi ve 
and  negative,  the  electric  force  will  alternately  be  from  above  down- 
wards, and  from  below  upwards.  If  then  this  force  is  propagated  out- 
wards in  a  series  of  waves,  we  may  expect  that  all  round  our  generator 
waves  of  electric  force  will  be  diverging;  waves  in  which  the  force  will 
be  alternately  down  and  up.  The  state  of  affairs  might  be  roughly 
illustrated  by  elastic  strings  stretched  out  in  every  direction  from  our 
generator.  If  their  ends  at  the  generator  be  moved  alternately  down 
and  up,  waves  will  be  propagated  along  the  strings,  waves  of  alternate 
motion  down  and  up. 

In  order  to  reflect  these  waves  we  require  a  metallic  sheet  of  consid- 
erable area  some  two  or  three  wave  lengths  away  fiom  the  generator; 
80  far  away  in  order  that  we  may  have  room  for  our  detector  to  find 
the  loops  and  nodes  formed  every  half  wave-length  where  the  outgoing 
^ft ves  meet  those  reflected  from  the  screen ;  not  too  far  away  or  our 
^aves  will  be  too  feeble  even  at  the  loops  to  affect  our  detector.    The 
^*'^Ve8  are  thrown  off  all  round,  but  are  most  intense  in  the  horizontal 
plane  through  the  spark,  so  that  our  detector  had  better  be  placed  as 
^^ar  to  this  plane  as  possible.    The  detector  may  be  either  a  very 
nearly  closed  circle  of  wire  or  two  conductors,  each  somewhat  longer 
^'^d  thinner  than  the  combined  lengths  of  the  generating  conductors, 
^^^l  placed  vertically  over  one  another,  and  separated  by  a  minute  air 
^p.    As  the  theory  of  this  latter  form  of  detector  is  simpler  than  that 
^^  the  circle,  it  will  simplify  matters  to  consider  it  alone.    The  two  con- 
ductors should  ea<;h  have  a  period  of  electrical  oscillation  up  and  down 
^^7  the  same  as  that  of  the  charges  on  the  generator.    The  generator 
consists  of  two  conductors  certainly,  but  then  during  the  time  the  spark- 
lets they  are  virtually  one  conductor,  being  connected  by  the  spark 
^ross  which  the  electric  charges  are  rushing  alternately  up  and  down. 
H^nce  the  period  of  oscillation  of  the  charges  on  the  generator  corre- 
^l>ond8  to  that  on  a  single  conductor  of  the  same  size  as  its  two  parts 
combined. 

Various  experiments  have  been  made  as  to  the  best  form  for  these 
conductors  that  form  the  detector     They  might  be  made  identical 
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with  the  generator,  only  that  the  spark  gap  in  the  generator  shorn 
be  represented  by  a  connecting  wire.  They  may  be  longer  and  tbi 
ner.  If  longer,  they  should  be  thinner,  or  they  will  not  have  tl 
same  period  of  vibration.  On  the  whole,  the  best  results  have  bei 
got  with  conductors  somewhat  longer  and  thinner  than  the  generate 
It  is  not  generally  convenient  that  the  spark  between  the  two  condu 
tors  that  form  the  detector  should  take  place  directly  from  one  to  t 
other.  It  is  not  easy  to  make  arrangements  by  which  the  distance  apa 
of  these  conductors  can  be  regulated  with  sufficient  accuracy.  The  mc 
convenient  way  is  to  connect  tlie  lower  end  of  the  upper  conductor  a 
the  upper  end  of  the  lower  one  each  with  a  short  thin  wire  leading,  o 
to  a  fixed  small  knob  and  the  other  to  a  very  fine  screw  impinging 
the  knob.  The  screw  may  then  be  used  to  adjust  the  spark  gap  1 
tween  it  and  the  small  knob  with  great  accuracy.  This  spark  g 
must  be  very  small  indeed,  if  delicate  work  be  desired.  A  thousami 
of  a  centimeter  would  be  a  fair-sized  spark  gap.  The  minute  spai 
that  are  formed  in  these  gaps  when  doing  delicate  work  are  too  fa 
to  be  seen,  except  in  a  darkened  room.  Having  placed  the  detector 
position  between  the  generator  and  the  screen,  the  difficult  part  oft 
observation  begins.  It  is  heart-rending  work  at  first.  A  bright  siia 
now  and  then  arouses  hope,  and  long  periods  of  darkness  crush  it  aga 
The  knobs  of  the  generator  require  re-i)olishing;  the  spark  gap  of  t 
detector  gets  closed  up;  dust  destroys  all  working,  and  not  withe 
much  patience  can  the  art  be  attained  of  making  sure  of  getting  spar 
whenever  the  conditions  are  favorable,  though  it  is  easy  enough  not 
get  spaiks  when  the  conditions  are  unfavorable. 

Before  making  any  measurements  all  this  practice  must  be  go 
through.  It  is  hard  enough  with  the  success  of  others  before  us  to  < 
courage  us,  with  their  advice  to  lead  us,  with  a  clear  knowledge 
what  is  to  be  expected  to  guide  us.  How  much  credit  then  is  dne 
Hertz,  who  groped  his  way  to  these  wonderful  experiments  from  st 
to  stc^.p,  without  the  success  of  others  to  encourage  him,  without  t 
advice  of  others  to  lead  him,  without  any  certainty  as  to  what  was 
be  expected  to  guide  him.  Patiently,  carefully,  through  many  1 
paths,  with  constant  watchfulness,  and  checking  every  advance  by 
peated  and  varied  experiments.  Hertz  worked  up  to  the  grand  si 
plicity  of  the  fundamental  experiment  in  electricity  that  is  engagi 
our  attention. 

Having  gained  (command  over  the  apparatus  we  may  look  about 
places  where  sparks  occur  easily  and  for  others  where  they  can  not 
produced.     Two  or  three  places  may  be  found  where  no  sparks  can 
observed.    These  places  will  be  found  to  be  nearly  equi-distant.    Tli 
are  the  nodes  we  are  in  search  of.    The  distance  between  any  paix 
half  the  distance  an  electric  wave  is  propagated  during  the  period 
an  oscillation.    Their  presence  proves  that  the  electric  force  is  not  pr< 
agated  instantaneously,  but  takes  time  to  get  from  place  to  place. 
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the  electric  force  were  propagated  instantaneously  there  might  be  one 
\Aace  where  the  action  of  the  currents  induced  in  our  reflecting  sheet 
neutralized  the  direct  action  of  our  generator,  but  there  could  not  be  a 
series  of  two  or  more  such  plaecs  between  the  generator  and  the  re- 
flecting sheet.    That  there  are  moretlian  one  proves  that  electric  force 
is  propagated  from  place  to  place,  and  does  not  occur  simultaneously 
everywhere.     It  sets  the  crowning  stone  on  Maxwell's  theory  that  elec- 
tiic  force  is  due  to  a  medium.     Without  a  medium  there  can  be  no 
propagation  from  place  to  place  in  time.     It  only  remains  to  confirm  by 
calculation  that  the  rate  of  propagation  is  the  same  as  that  of  light. 
Tills  is  a  complicated  matter.     It  involves  the  question  of  how  fast 
should,  on  any  theory,  the  charge  oscillate  up  and  down  a  conductor. 
The  problem  has  only  been  accurately  solved  in  a  few  special  cases, 
such  as  that  of  a  sphere  by  itself.    The  conductors  that  have  been 
employed  are  not  this  shape,  are  not  by  themselves,  and  so  only  rough 
approximations  are  possible  as  to  the  rate  at  which  these  oscillations 
occur.    Knowing  the  wave  length  will  not  determine  the  velocity  of 
propagation  unless  we  know  the  i)eriod  of  vibration ;  and  consequently 
this  direct  measure  of  the  velocity  has  only  been  roughly  made;  but 
it  agrees  as  accurately  as  could  be  expected  with  Maxwell's  theory 
that  it  must  be  the  sanu*.  as  the  velocity  of  light  if  electrical  phenomena 
are  due  to  the  same  medium  as  light.    The  conviction  that  more  accu- 
rate determinations  will  confirm  this  agreement  is  founded  upon  safe 
ground. 

It  was  i)ointed  out  that  the  aether  that  transmits  light  and  is  set  in 
vibration  by  the  molecules  of  matter  can  hardly  avoid  moving  them 
itself.  This  aether  can  hardly  help  having  other  properties  than 
^nerely  transmitting  a  comparatively  small  range  of  vibrations.  It  can 
hardly  help  producing  other  phenomena.  When  it  has  been  shown 
that,  if  there  is  a  medium  concerned  in  conveying  electric  and  mag- 
••^tic  actions,  it  must  possess  properties  which  would  enable  it  to 
transmit  waves  like  light;  and  when  it  has  been  shown  that  there  is  a 
fiiedium  concerned  in  conveying  electric  and  magnetic  a(;tions,  and  that 
the  rate  at  which  they  are  conveyed  is  api)roximately  the  same  as  the 
rate  at  which  light  is  propagated;  the  conclusion  is  almost  unavoid- 
aUe  that  we  are  dealing  with  the  same  medium  in  both  cases,  and  that 
^ture  experiments,  capable  of  accurate  calculation  and  observation, 
^ill  confirm  the  conclusion  that  electric  force  is  propagated  through, 
and  by  means  of,  the  luminiferous  aether  with  the  velocity  of  light. 
^^  e  really  know  very  little  about  the  nature  of  a  wave  of  light.  We 
*now  a  great  deal  more  about  electric  and  magnetic  forces,  and  much 
^ay  be  learnt  as  to  the  nature  of  a  wave  of  light  by  studying  it  under 
^^e  lorm  of  a  wave  of  electric  force.  The  waves  produced  by  the 
flertzian  generator  may  be  a  meter  long  or  more.  The  difficulty  is  to 
^^^  them  short  enough.  We  know  a  good  deal  about  how  they  are 
produced,  and  from  this,  and  also  by  means  of  suitable  detectovv>^  \nm6 


224  hertz's  experiments. 

call,  study  a  great  deal  about  their  structure.    They  are  truly  very 
long  waves  of  ligbt.    Atoms  are  Hertzian  generators  whose  period 
of  vibration  is  hundreds  of  millions  of  millions  per  second.    A  Hcrt 
zian  generator  may  vibrat^e  rapidly,  but  it  is  miserably  slow  compared 
with  atoms.    And  yet  the  wonder  is  that  atoms  vibrate  so  slowly.   U 
a  Hertzian  generator  were,  say,  10-"  *^"»  long,  about  the  size  of  a  good 
big  atom,  its  period  of  vibration  would  be  some  hundreds  of  times  too 
rapid  to  produce  ordinary  light.    Atoms  are  probably  complicated 
Hertzian  generators.    By  making  a  complicated  shai)e,  as,  for  exam- 
ple, a  Leyden  jar,  a  small  object  may  have  a  slow  period  of  vibration. 
All  that  is  required  is  that  the  capacity  and  self-induction  may  be 
large  in  comparison  with  the  size  of  the  conductor.    We  saw  that  these 
rapidly  vibrating  generators  have  but  little  energy  in  them;  they  rap- 
idly give  out  their  energy  to  the  aether  near  them.    This  is  also  the 
case  with  sitoms.    These,  when  free  to  radiate,  give  up  their  energy 
with  wonderful  rapidity.     How  short  a  time  a  flash  of  lightning  lasts! 
It  is  hardly  there  but  it  is  gone:  the  heated  air  molecules  have  so  snd 
denly  radiated  off  their  energy.    The  reason  why  atoms  in  the  air,  for 
instance,  do  not  radiate  away  their  energy  like  this  is  because  all  their 
neighbors  are  sending  them  waves.    Each  molecule  is  a  generator,  but 
it  is  a  detector  as  well.    It  is  kept  vibrating  by  its  neighbors:  it  occu 
pies  a  part  of  the  aether  that  is  in  continual  vibration,  and  so  the  atom 
itself  vibrates.    As  each  atom  tjan  radiate  so  rapidly,  it  must  be  a  good 
detector;  its  own  vibrations  must  be  very  much  controlled  by  the 
neighborhood  it  finds  itself  in;  and  as  the  waves  of  light  are  very  loug 
compared   with  the  distances  apart  of  molecules,  those  in  any  ueigh- 
borhood  are  probably,  independently  of  their  motions  to  and  fro,  eiich 
vibrating  in  the  same  way. 

It  is  interesting  to  calculate  how  much  of  the  energy  in  the  air  is  in 
the  form  of  vibrations  of  the  aether  between  the  molecules  of  air.  A 
rough  calculation  shows  that  in  air  at  the  ordinary  density  and  tern- 
perature  only  a  minute  fraction  of  the  total  energy  in  a  cubic  centi 
meter  is  in  the  tether;  but  when  we  deal  with  high  temi>eratures,  snch 
as  exist  in  lightning  flashes,  and  near  the  sun,  and  with  very  small  den- 
sities, there  may  be  more  energy  in  the  aether  than  in  the  matter  within 
each  cubic  centimeter.  All  this  shows  how  wide-reaching  are  the  re- 
sults of  Hertz's  experiments.  They  teach  us  the  nature  of  waves  of 
light.  We  can  learn  much  by  considering  how  the  waves  are  generated. 
Let  us  consider  what  goes  on  near  the  generator,  consisting  of  two  con- 
ductors, A  and  B,  sjiarking  into  one  another.  Before  each  spark,  and 
while  A  and  B  are  being  comparatively  slowly  what  is  called  cbarjfed 
with  electricity,  the  jcther  around  and  between  them  is  being  strained. 
The  lines  of  strain  are  the  familiar  tubes  of  electric  force.  If  A  be 
positive,  these  tubes  diverge  from  all  points  of  A,  and  most  ti'omthe 
knob  between  it  and  B,  and  converge  on  B.    Where  they  are  narrow, 
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!  jether  is  much  strained ;  where  wide,  the  aether  is  but  little  strained, 
ell  tube  must  be  looked  upon  as  a  tube  of  unit  strain, 
riie  nature  of  the  strain  of  the  sether  is  not  known;  it  is,  most  prob- 
y,  some  increased  motion  in  a  i)erfeet  liquid.  We  must  not  be 
prised  at  the  nature  of  the  strain  being  unknown.  We  do  not 
Dw  the  nature  of  the  change  in  a  piece  of  India  rubber  when  it 
strainexi,  nor  indeed  in  any  solid,  and  though  the  jether  is  much 
ipler  in  structure  than  india  rubber,  it  can  hardly  be  wondered 
that  we  have  not  yet  discovered  its  structure,  for  it  is  only  within 
i  present  century  that  the  existence  of  the  lether  was  demonstrated, 
lile  men  have  known  solids  and  studied  their  properties  and  stru(!- 
*e  for  thousands  of  years.  Any  way,  there  is  no  doubt  that  the 
her  is  strained  in  these  tubes  of  force  when  A  and  B  are  oppositely 
arjied,  and  that  the  energy  per  cubic  centimeter  of  unstrained  aether 
Icvss  than  that  of  strained  aether,  and  that  the  work  done  in  what  is 
lied  charging  A  and  B  is  really  done  in  straining  the  aether  all  round 
m.  When  the  air-gap  breaks  down,  and  an  electric  spark  takes 
place,  there  is  quite  a  new  series  of  phenomena  produced.  Sud- 
nly,  the  strained  aether  relieves  itself,  and  in  doing  so,  sets  up  new 
►tions  in  itself.  The  strained  state  was  probably  a  i)eculiar  state  of 
)tion,  and  in  changing  back  to  ordinary  {ether  a  new  and  quite  dis 
ict  state  of  motion  is  set  uj).  This  new  state  of  motion  all  round  the 
Dductors  is  most  intense  near  the  spark,  and  is  usually  described  as 
electric  current  in  the  conductors  and  across  the  spark,  or  as  a  rush- 
?  of  the  electric  charge  from  one  conductor  to  the  other.  The  elec- 
(•  current  is  accompanied  by  magnetic  force  in  circles  round  it,  and 
e  tubes  of  magnetic  force  define  the  nature  of  the  new  movement  in 
e  jether  as  far  as  we  know  it. 

Hitherto,  for  the  sake  of  simplicity,  the  existence  of  this  magnetic 
xe  has  been  unnoticed.  It  is  due  to  a  peculiar  motion  in  the  aether 
round  what  are  called  electric  currents.  The  current  in  fact  con- 
tsof  little  else  than  a  line,  all  round  which  this  movement  is  going 
;  like  the  movement  surrounding  an  electrified  body,  but  also  un- 
e  it.  Whenever  electric  forces  are  changing,  or  electrified  bodies 
mng,  or  electric  currents  running,  there  this  other  peculiar  mo- 
il exists.  We  have  every  reason  for  thinking  that  this,  which  may 
called  the  magnetic  strain  in  the  lether,  as  the  movement  all  round 
«trified  bodies  was  called  the  electric  strain — that  this  magnetic 
"ain  only  exists  in  these  three  cases:  (I)  When  the  electric  strain  is 
anging;  (2)  when  electrified  bodies  are  moving,  and  (3)  when  electric 
rrents  are  running.  These  three  may  be  all  cases  of  one  action; 
rtainly  the  magnetic  strain  that  acconii)anies  each  is  the  same,  and 
seems  most  likely  that  the  electric  change  is  only  another  aspect 
the  magnetic  strain.  There  are  analogies  to  this  in  the  motion  of 
itter  that  partly  help  and  partly  annoy,  because  they  i)artly  agree 
d  partly  will  not  agree  with  the  letherial  phenomena.  Tv\k<^  tW  v!?^^vi 
H.  Mis.  114 15 
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described  in  a  former  article  of  a  chain  transnuttinj^r  waves, 
tioii  was  drawn  to  tlie  displacement  of  a  link  and  to  its  rotatioi 
for  the  analogy:  To  seem  at  all  satisfactory  the  first  thing  tba 
strike  one  would  be  to  pay  attention  to  two  motions,  to  the  vel 
displacement  of  the  link  and  to  its  rotation.    This  would  lead 
minable  difficulties  in  carrying   out  the  analogy.    We  can  i 
electric  strain  to  a  velocity  in  this  direct  and  simple  way,  beca 
are  we  to  do  with  a  change  in  the  strain  which  i>roduces  the 
fects  as  a  continuous  current!    A  change  in  the  strain  is  all  v 
it  would  be  like  a  ('hange  in  the  velocity,  but  what  about  a  coi 
change  in  the  velocity :  We  can  hardly  suppose  a  velocity  coi 
increasing  forever;  we  are  evidently  landed  in  immediate  dil 
It  is  better  therefore  to  be  content  to  liken  the  electric  strain 
placement  of  the  chain  link.     It  seems  most  likely  that  it  r€ 
peculiar  motion  in  the  lether,  but  we  must  be  content  for  the 
with  the  analogy.    If  we  want  to  drive  it  further,  we  must 
stress  in  the  chain  that  draws  the  link  back  to  be  due  to  a  u 
the  chain  or  of  things  fastened  to  it,  and  then  the  changed 
j)roduced  by  a  displacement  of  the  chain  might  be  analogou 
peculiar  motions  accompanying  electric  strain.     It  would  lea^ 
far  to  work  out  this   analogy. 

Returning  to  the  simpler  case  of  the  diplsacement  of  1 
representing  electric  strain,  and  the  velocity  of  its  rotation  repr 
magnetic  strain,  see  how  the  actions  near  a  Hertzian  genen 
be  likened  to  what  takes  place  when  a  wave  is  being  sent 
chain.  While  the  conductors  are  being  slowly  charged  we  n 
pose  electric  strain  to  be  produced  in  all  the  surrounding  spac 
is  a  comparatively  slow  action,  and  as  the  rate  of  propa^ 
very  rapid,  the  electric  strain  will  rise  practically  simult 
in  the  whole  neighborhood,  and  that  it  does  so  is  a  most  ir 
fact  to  be  taken  account  of  in  all  our  deductions  from  thest 
ments.  This  slow  charging  must  be  rex)resented  by  a  »\ovi 
of  one  end  of  the  chain,  which  raises  the  rest  of  it  to  a  great 
api)arently  simultaneously  if  the  raising  be  done  slowlj.  S 
the  air-gap  breaks.  This  might  be  represented  by  lifting  tl 
with  a  weak  thread,  and  by  having  the  end  of  the  chain 
to  a  firetty  strong  spring.  When  the  thread  broke  the  sprin 
pull  the  chain  back  quickly,  would  pass  its  position  of  equilibri 
thus  commence  a  series  of  rapid  vibrations  on  each  side  of  t 
tion ;  the  vibrations  would  gradually  die  away  owing  to  the  i 
the  spring  being  gradually  spent,  partly  on  friction  in  itself,  ai 
in  sending  waves  along  the  chain.  In  actually  performing  th« 
ment,  an  india-rubber  tube  or  limp  thin  rope  is  better  than 
when  hung  horizontally,  as  the  chain  is  so  heavy;  when  it  can 
vertically,  a  chain  does  very  well.  In  the  description  it  s 
matters  to  describe  a  chain,  because  it  is  easier  to  talk  of  a  linl 
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a  bit  of  the  rox)e;  a  link  ha^  an  individuality  that  identifies  it,  while  a 
bit  of  the  rope  is  so  indefinite  that  it  is  not  so  easy  to  keep  in  mind  any 
particular  bit. 

Consider  now  what  these  waves  are,  what  sort  of  motion  originates 
them.  When  the  spring  first  starts,  the  near  parts  of  the  chain 
moves  first.  WTiat  happens  to  any  link?  One  end  of  it  moves  down 
before  the  other.  What  sort  of  motion  then  has  the  link?  It  must 
be  rotating.  Thus  it  is  that  change  in  the  displacement  is  generally 
accompanied  by  rotation  of  the  links.  Thus  it  is  that  change  in 
the  electric  strain  is  accompanied  by  magnetic  strain.  The  analogy 
goes  farther  than  this.  Each  wave  thrown  off  may  be  described  as  a 
wave  of  displaced— or  as  a  wave  of  rotating — links,  and  the  most  dis- 
placed are  at  any  time  the  most  rapidly  rotating  links.  Just  in  the 
same  way,  what  have  hitherto  been  called  waves  of  electric  force  may 
also  be  looked  upon  as  waves  of  magnetic  force.  Because  there  are  two 
aspects  in  which  the  motion  of  the  chain  may  be  viewed  does  not 
dimiuisb  from  the  essential  unity  of  character  of  the  wave  motion  in  its 
waves;  and  similarly  the  fact  that  these  Hertzian  waves  have  an  elec- 
tric and  a  magnetic  aspect  does  not  diminish  from  the  essential  unity 
of  character  of  the  wave  motion  in  them.  At  the  same  time  the  two 
elements,  the  displacement  of  a  link  and  the  rotation  of  a  link,  are 
quite  distinct  things;  either  might  exist  without  the  other;  it  is  only 
in  wave  propagation  that  they  essentially  co-exist.  In  the  same  way 
electric  strain  and  magnetic  strain  are  quite  different  things;  though 
in  wave  motion,  and  indeed  whenever  energy  is  transmitted  from  one 
place  to  another  by  means  of  the  aether,  they  essentially  co-exist. 
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E    DISCHAEGE    OF    ELECTRICITY    THROUGH    EX- 
HAUSTED TUBES  WITHOUT  ELECTRODES.* 


By  J.  J.  Thomson,  F.  R.  S. 


lowing  experiments,  of  which  a  short  account  was  read  before 
bridge  Philosophical  Society  last  February,  were  originally 
en  to  investigate  the  phenomena  attending  the  discharge  of 
y  through  gases  when  the  conditions  are  simplified  by  confin- 
ischarge  throughout  the  whole  of  its  course  to  the  gas,  instead 
)rdinary  discharge-tubes,  making  it  pass  from  metallic  or  glass 
s  into  the  gas,  and  then  out  again  from  the  gas  into  the  elec- 

ir  to  get  a  closed  discharge  of  this  kind  we  must  produce  a 
!tromotive  force  round  a  closed  circuit,  and  since  we  can  not 
y  the  forces  arising  from  a  distribution  of  electricity  at  rest, 
make  use  of  the  electromotive  forces  produced  by  induction, 
down  the  electric  strength  of  the  gas  such  forces  must  be  very 
'hile  they  last,  though  they  need  not  last  for  more  than  a  short 
3rces  satisfying  these  conditions  occur  in  the  neighborhood  of 
rough  which  a  Leyden  jar  is  discharged.  During  the  short 
ng  which  the  oscillations  of  the  jar  are  maintained  enormous 
pass  through  the  wire,  and  as  with  a  moderate-sized  jar  these 
change  their  direction  millions  of  times  in  a  second,  the  elec- 
i  force  in  the  neighborhood  of  the  wire  is  exceedingly  large, 
these  forces  available  for  producing  an  electrodeless  discharge, 
ve  to  do  is  to  make  the  wire  connecting  the  coatings  of  the  jar 
iry  of  an  induction-coil  of  which  the  discharge-tube  itself  forms 
dary.  The  arrangements  which  I  have  employed  for  this  pur- 
represented  in  the  accompanying  diagram. 
A.  is  the  inside  coating  of  a  Leyden  jar :  this  is  connected  to 
:"  the  poles  of  a  Wimshurst  electrical  machine,  or  an  induc- 
the  other  pole  F  of  the  machine  being  connected  to  B,  the  outer 
f  the  jar.  A  C  D  is  a  wire  connected  to  the  inner  coating  of 
few  tunis  C  (which  we  shall  call  the  primary  coil)  are  made  in 
;  these  turns  are  square  if  the  discharge-tube  is  square,  circu- 
discharge-tube  is  a  spherical  bulb.  The  wire  at  D  is  attached 
-break,  the  other  side  of  which  is  connected  with  the  outer 
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coating  of  the  Ley  den  jar.    The  knobs  of  this  air- break  onght  to  be 
kept  brightly  polished.    The  loop  C  is  connected  to  earth.    The  dis- 
charge-tubes, which  were  in  general  either  rectangular  tubes  or  splier 
ical  bulbs,  where  placed  close  to  the  turns  of  C.    When  the  diflferenceof 
potential  between  A  and  B  is  sufficiently  large,  a  spark  passes  acioss 
the  air-break,  and  the  electrical  oscillations  set  up  produce  a  large 
electromotive  force  in  the  neighborhood  of  the  coil,  sufficient  under 
favorable  circumstances  to  cause  a  bright  discharge  to  pass  through  the 
vacuum-tubes.     In  some  experiments  the  jars,  at  the  suggestion  of 
Prof.  Oliver  Lodge,  were  connected  up  diff'erently,  and  are  represented 
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Fig.  1. 


by  (/?)  in  Fig.  1.  Two  jars  were  used,  tbe  outside  coatings  of  which,  A 
and  B,  were  connected  by  the  wire  containing  the  primary  coU  0,  the 
inside  coating  Of  the  first  jar  was  connected  to  one  pole  of  the  WiffiS- 
hurst,  that  of  the  second  to  the  other.  With  this  method  of  arranging 
the  jars  no  air-space  is  required,  as  the  sparks  pass  between  the  ter- 
minals of  the  machine,  and  the  polishing  of  these  terminals  is  not  nearly 
so  important  as  that  of  the  knobs  of  the  air-break  in  the  arrange- 
ment (nr). 

Before  proceeding  to  describe  the  appearance  presented  by  the  dis- 
charge, I  will  mention  one  or  two  points  which  may  prove  useful  to  any 

• 

one  who  wishes  to  repeat  the  experiments.  According  to  my  exi)en- 
ence  the  discharge  is  more  easily  obtained  in  bulbs  than  in  square  tubes, 
and  with  a  Wimshurst  machine  than  with  an  induction-coil.  If  an  i^' 
duction-coil  is  used  a  break  which  will  transmit  a  large  current  ought 
to  be  substituted  for  the  ordinary  vibrating  one  supplied  with  such  in- 
struments. It  is  essential  to  success  that  the  gas  in  the  bulbs  or  tube^ 
should  be  quite  dry  and  at  a  suitable  pressure;  there  is  a  pressure »** 
which  the  brilliancy  of  the  discharge  is  a  maximum,  and  as  in  endeav- 
oring to  get  at  this  i)ressure  the  exhaustion  may  be  carried  too  far,  '\^ 
is  convenient  to  use  a  form  of  mercury  pump  which  will  allow  of  tb^ 
easy  admission  of  a  little  gas;  the  pattern  which  I  have  used  and  foun<l 
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to  answer  very  well  is  called  the  Lane-Fox  pattern.     When  any  gas  is 
introduced  it  should  be  sent  through  sulphuric  acid  to  get  rid  of  any 
moisture  that  may  be  in  it.    Owing,  I  think,  to  the  pressure  in  ordin- 
ary incandescent  lamps  being  very  different  from  that  at  w^hich  the 
discharge  has  its  maximum  brilliancy,  I  have  met  with  very  poor  suc- 
cess in  attempts  to  produce  these  discharges  in  already  exhausted 
tubes  such  as  incandescent  lamps,  though  I  have  tried  a  considerable 
number  by  different  makers;  on  the  other  hand,  the  radiometers  which 
1  have  tned  allow  the  discharge  to  pass  jiretty  readily,  though  it  is  in- 
terfered with  by  the  vanes,  and  is  not  comparable  in  brilliancy  with 
that  obtained  in  home-made  tubes  and  bulbs.    1  have  obtained  sparks 
easily  with  apparatus  of  the  following  dimensions:  two  gallon  jars,  the 
out«ide  coatings  connected  by  a  wire  about  2  yai'ds  long,  the  coil  con- 
sisting of  three  or  four  turns,  each  about  3  inches  in  diameter.    I  have 
some  bulbs  which  with  this  apparatus  will  give  a  bright  discharge  when 
the  distance  between  the  terminals  of  the  Wimshurst  is  only  J  inch; 
these  are,  however,  exceptionally  good ;  it  more  frequently  takes  a  spark 
an  inch  or  an  inch  and  a  half  long  to  produce  the  dischai'ge. 

I  find  that  Hittorf,  in  Wiedemann's  Annalen,  xxi,  p.  138,  describes 
the  light  produced  in  a  tube  round  which  the  wire  connecting  the  coat- 
ings of  a  Leyden  jar  is  twisted;  the  luminosity  in  HittorTs  experiments 
seems  to  have  filled  the  tube,  and  not,  as  in  the  experiments  described 
in  this  paper,  been  confined  to  a  ring.  It  seems  possible  that  the  dif- 
ference in  the  appearance  in  the  tubes  may  have  been  due  to  the  exist- 
ence of  an  electrostatic  action  in  Hittorf 's  experiments,  the  primary 
coil  getting  raised  to  a  high  potential  before  the  discharge  of  the  jar, 
and  inducing  a  distribution  of  electricity  over  the  inside  of  the  glass 
of  the  tube;  on  the  passage  of  the  spark  the  potential  of  the  primary 
coil  will  fall,  and  the  electricity  on  the  glass  re-distribute  itself;  to  effect 
this  re-distiibution  it  may  pass  through  the  rarifled  gas  in  the  discharge 
tube  and  produce  luminosity. 

In  my  experiments  I  took  two  precautions  against  this  effect..  In 
the  first  place  I  connected  the  primary  coil  to  earth,  so  that  its  poten- 
tial ])efore  discharge  took  platje  was  unaltered,  and  as  an  additional 
precaution  I  separated  the  discharge  tube  from  the  primary  by  a  cage 
nia4le  of  blotting  paper  moistened  with  dilute  acid ;  the  \vet  blotting 
paper  is  a  sufficiently  good  conductor  to  screen  oft'  any  purely  electro- 
j^tatic  effects,  but  not  a  good  enough  one  to  interfere  to  an  appreciable 
extent  with  the  electro-motive  forces  arising  from  rapidly  alternating 
currents.  In  this  way  we  can  screen  off'  any  electrostatic  eff'ects  due  to 
causes  which  operate  before  the  electrical  oscillations  in  the  jars  begin, 
^hen  once  these  have  commenced,  there  ought  not,  I  think,  to  be  any 
•^paration  of  the  electro-motive  forces  into  two  parts,  one  being  called 
electro-static,  the  other  electro-dynamic.  As  this  is  a  point  on  which  it 
J8  tlesirable  to  avoid  any  misunderstanding,  I  hope  to  be  excused  if  I 
treat  it  at  some  length. 
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In  the  mathematical  treatment  of  the  pheiiomena  of  the  '*  Electro- 
magnetic  P^ield,"  it  is  customary  and  not  inconvenient  to  regard  tbe 
electro-motive  force  as  derived  from  two  soiu'ces,  or  rather  as  consisting 
of  two  parts,  one  part  being  calculated  by  the  ordinary  rules  of  electro- 
statics from  the  distribution  of  elex3tricity  in  the  field,  the  other  part 
being  the  difi'erential  coefficient  of  the  vector  potential  with  respect  to 
the  time.    From  a  mathematical  point  of  view,  there  is  a  good  deal  to 
be  said  for  this  division;  the  two  forces  have  very  distinct  and  sharply 
contrasted  analytical  properties.    Thus  the  electrostatic  force  iK)S8e8ses 
the  property  that  its  line  integral  taken  round  any  closed  curve  van- 
ishes, while  the  surface  integral  of  its  normal  component  taken  over  a 
closed  surface  does  not   in  general  vanish.    The  "vector  potential 
force,"  on  the  other  hand,  does  not  in  general  vanish  when  integrated 
round  a  closed  curve;  the  surface  integral  of  its  normal  component 
taken  over  any  closed  surface  however  vanishes.      When    however 
our  object  is  not  so  much  mathematical  calculation  as  the  formation  of 
a  mental  pi(fture  of  the  processes  going  on  in  the  field,  this  division 
does  not  seem  nearly  so  satisfsu'.tory,  as  the  fundamental  quantities 
concerned,  the  electrostatic  and  vector  potentials,  are  both  of  con- 
siderable complexity  from  a  physical  point  of  view.    We  might  judge 
that  this  division  of  the  electro- motive  force  into  two  parts,  the  one  de- 
rivable from  an  electrostatic,  the  other  from  a  vector,  potential,  is  ratber 
a  mathematical  device  than  a  physical  reality,  from  the  fact  whicli  I 
pointed  out  in  a  report  on  electrical  theories  (B.  A.  Report^  1886),  that 
though  the  electrostatic  potential  satisfies  the  mathematical  condition 
of  being  propagated  with  an  infinite  velocity,  the  total  electro-motive 
force  in  the  electro-magnetic  field  travels  with  the  velocity  of  light,  and 
nothing  physical  is  propagated  at  a  greater  velocity. 

In  an  experimental  investigation  such  as  that  described  in  this  paper, 
it  is  not  so  important  that  our  method  of  regarding  the  phenomena 
should  lead  to  the  shortest  analysis  as  that  it  should  enable  us  to  pic- 
ture to  ourselves  the  processes  at  work  in  the  field,  and  to  decide 
without  much  calculation  how  to  arrange  the  experiments  so  as  to  bring 
any  efl:ect  which  may  have  been  observed  into  greater  prominence. 

The  method  which  I  have  adopted  for  this  purpose  is  the  one  de- 
scribed by  me  in  the  PhiloHophical  Magazine^  March,  1891,  and  which 
consists  in  referring  everything  to  the  disposition  and  motion  of  the 
tubes  of  electrostatic  induction  in  the  field.  These  tubes  are  either 
endless,  or  have  their  ends  on  places  where  free  electricity  exists,  every 
unit  of  ix)8itive  electricity  (the  unit  being  the  quantity  of  electricity  on 
the  atom  of  a  univalent  element)  being  connected  by  a  unit  tube  to  a 
unit  of  negative  electricity,  the  tube  starting  from  the  positive  elec- 
tricity and  ending  on  the  negative.  At  any  point  in  the  field  the  elec- 
tro-motive intensity  varies  as  the  density  of  the  tubes  of  electrostatic 
induction  at  that  point.  When  the  electricity  and  the  tubes  iu  the 
field  are  at  rest,  the  tubes  distribute  themselves  so  that  the  electro-motive 
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litensity  at  any  point  is  derivable  from  a  potential  function;  as  soon, 
lowever,  as  the  equilibrium  is  disturbed,  tbe  tubes  move  about  and  get 
lisplaced  from  tbeir  original  positions,  the  disposition  of  tubes  and 
therefore  the  electro-motive  intensity  are  changed,  and  the  latter  will 
no  longer  be  derivable  from  a  potential  function,  and  according  to  the 
mathematical  theory  would  be  said  to  include  forces  due  to  electrostatic 
md  electro-magnetic  induction.  According  to  our  view,  however,  the 
cause  of  the  electro-motive  intensity  is  the  same  in  both  cases,  viz,  the 
presence  of  tubes  of  electrostatic  induction,  and  the  electro-motive  in- 
tensity ceases  to  be  derived  from  a  potential,  merely  because  the  dis- 
tribution of  these  tubes  is  not  necessarily  the  same  when  they  are 
moving  about  as  when  they  are  in  equilibrium.  It  is  shown,  in  the 
I)aj)er  already  referred  to,  that  these  tubes  when  in  motion  produce  a 
Magnetic  force  at  right  angles,  both  to  their  own  direction  and  to  that 
in  which  they  are  moving,  the  magnitude  of  the  force  being  4;r  times 
the  product  of  the  strength  of  the  tube,  the  velocity  with  which  it  is 
moving,  and  the  sine  of  the  angle  between  thedirec^tion  of  the  tube  and 
ts  direction  of  motion.  In  an  electric  field  in  which  the  matter  is  at 
rest,  these  tubes  when  in  motion  move  at  right  angles  to  themselves 
^tb  the  velocity  '*  r,"  that  at  which  electro-dynamic  disturbances  are 
propagated  through  the  medium.  We  can  easily  show  that,  K  being 
he  specific  inductive  capacity  of  the  medium,  the  line  integral  of 
It/K  times  the  density  of  these  tubes  taken  round  a  closed  circuit  is 
'<iual  to  the  rate  of  diminution  of  the  number  of  lines  of  magnetic  in- 
iuction  passing  through  the  circuit.  Thus,  since  the  ftindamental 
aws  of  electro-dynamic  action,  viz,  Faraday's  law  of  induction  and 
Ampere's  law  of  magnetic  force,  follow  from  this  conception  of  the  field 
IS  produced  by  tubes  of  electrostatic  induction  moving  at  right  angles 
0  themselves  with  the  velocity  "t?,''  and  producing  a  magnetic  force  at 
"igbt  angles  both  to  their  own  direction  and  to  that  in  which  they  are 
moving,  and  proportional  to  the  product  of  the  strength  of  the  tube 
wd  its  velocity,  it  is  a  conception  which  will  account  for  all  the  known 
;>lienouiena  of  the  field.  It  furnishes,  in  fine,  a  geometrical  instead  of 
^11  aualjrtical  theory  of  the  field.  It  will  also  be  seen  that  from  this 
Nnt  of  view  the  magnetic  force,  when  introduced  to  calculate  the 
^taro-niotive  forces  arising  from  induction,  logically  comes  in  as  an 
'Intellectual  middleman  wasting  mental  effort. 

We  may  thus  regard  the  distinction  between  electrostatic  and  elec- 
^  magnetic  electro  motive  forces  as  one  introduced  for  convenience  of 
analysis  rather  than  as  having  any  physical  reality.  The  only  differ- 
ence which  I  think  could  from  made  from  a  physical  point  of  view  would 
^  to  define  those  effects  as  electrostatic  which  are  due  to  tubes  of  elec- 
^ostatic  induction  having  free  ends,  and  to  confine  the  term  electro- 
magnetic to  the  effects  produced  by  closed  endless  tubes.  It  is  only 
however  when  the  electro- motive  forces  are  produced  exclusively  by  the 
Motion  of  magnets  that  all  the  tubes  are  closed;  whenever  batteries  or 
^ndensers  are  used,  open  tubes  are  present  in  the  fteld. 
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It  will  be  useful  to  cousider  here  the  disposition  and  motion  of  the 
tubes  of  electrostatic  induction  in  the  arrangement  used  to  prodace 
these  electrodeless  discharges.  We  shall  take  the  case  where  two  jars 
are  used,  as  in  /?,  Fig.  1,  as  being  the  more  symmetrical. 

Just  before  the  discharge  of  the  jar,  the  tubes  of  electrostatic  induc- 
tion will  be  arranged  somewhat  as  follows:  There  will  be  some  tubes 
stretching  from  one  terminal  of  the  electric  machine  to  the  other;  others 
wiU  go  from  the  terminals  to  the  neighboring  conductors,  the  table  on 
which  the  machine  is  placed,  the  floor  and  walls  of  the  room,  etc.  The 
great  majority  of  the  tubes  will,  however,  be  short  tubes  passing  through 
the  glass  between  the  coatings  of  the  jars.  Let  us  now  consider  the 
behavior  of  two  of  these  tubes,  one  from  the  jar  A,  the  other  from  B, 
when  a  spark  passes  between  the  terminals  of  the  machine.  Whilst  the 
spark  is  passing  these  may  be  regarded  as  connected  by  a  conductor; 
the  tubes  which  originally  stretched  between  them  now  contract,  the 
repulsion  they  exerted  on  the  surrounding  tubes  is  destroyed  so  that 
these  now  crowd  into  the  space  between  the  terminals,  the  two  short 
tubes  under  consideration  now  taking  somewhat  the  form  shown  in  Fig. 
2.    These  tubes,  being  of  opposite  sign,  tend  to  run  together;  they  do 


wtrt 


Fio.  2. 


Fio.  :i 


lf~lJ 


^i^iJ 


Wire 


wrre 


VUi.  4. 


I'Hi. 


SO  until  they  meet  as  in  Fig.  3,  when  the  tubes  break  u^)  as  in  rip.4,  the 
upper  portion  running  into  the  spark  gap,  where  it  contracts,  wliile 
the  lower  portion  rushes  through  the  dielectric  to  discharge  itself  into 
the  wire  connecting  the  coatings  of  the  jars,  an  intermediate  position 
being  shown  in  Fig.  5.  These  tubes  \vhile  rushing  through  the  dielec- 
tric produce,  as  already  stated,  magnetic  forces;  some  of  them  on  their 
w^ay  to  the  discharging  wire  w  ill  pass  through  the  discharge  tube;  if 
they  congregate  there  in  sufficient  density,  discharge  will  take  pla«^ 
through  the  rarefied  gas. 
The  discharge  of  the  jar  is  oscilhitory,  and  we  have  only  followed  the 
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m  of  the  tubes  during  a  part  of  the  oscillation;  when,  however, 
bube  enters  the  wire  between  the  jars  a  tube  of  opposite  kind 
»e8  from  it;  the  same  thing  happens  when  the  other  portion  enters 
park  gap.  These  go  through  the  same  processes  as  the  tubes  we 
followed,  but  in  the  reverse  order,  until  we  get  again  two  short 
I  in  the  jars,  but  opposite  in  sign  to  the  original  ones;  the  process 
in  repeated,  and  so  on  as  long  as  the  vibrations  last, 
order  to  see  what  are  the  most  advantageous  dimensions  to 
to  our  apparatus,  let  us  consider  on  what  the  maximum  electro- 
re  force  in  the  secondary  depends.  Let  us  take  the  case  of  a  con- 
3r  of  capacity  0  discharging  through  a  circuit  whose  coefficient  of 
nduction  is  L;  then,  if  the  potential  difference  between  the  plates 
e  condenser  is  initially  Vo,  the  current  y  at  the  time  t  is  (suppos- 
es a  very  rough  approximation  that  there  is  no  decay  in  the  vibra- 
)  given  by  the  equation 

CVo     .        t 
e  rate  of  variation  of  this,  y,  is  therefore 

Vo  t 

L  ««« 7m. 

lat  if  M  is  the  coefficient  of  self-induction  between  the  primary 
a  secondary  circuit,  the  maximum  electro-motive  force  around  the 
adary  is  MVo/L,  which  for  a  given  spark-length  is  independent  of 
opacity  of  the  condenser.  In  practice  it  is  advisable,  however,  to 
I  as  much  energy  in  the  jars  to  start  with  as  possible,  and  better 
Its  are  got  with  large  jars  than  with  small  ones.  Using  a  six-plate 
ishurst  machine  I  got  very  good  results  with  two  "  gallon  jars;'' 
a  large  induction  coil  the  best  results  were  got  with  two  '*  pint- 
a  half  jars." 

le  best  number  of  turns  to  use  in  the  primary  coil  C  depends  upon 
jize  of  the  leads;  if  all  the  circuit  were  available  for  this  coil  one 
would  give  the  largest  electro-motive  force,  because,  though  for  a 
n  rate  of  change  of  the  current  in  the  primary  the  effect  on  thesec- 
iry  increases  with  the  number  of  turns,  the  rate  of  change  of  the 
ent  varies  inversely  as  the  self-induction  of  the  primary,  so  that  if 
he  circuit  is  in  the  coil  C,  since  an  increase  in  the  number  of  turns 
increase  the  self-induction  of  the  circuit  faster  than  the  mutual  in- 
ion,  it  will  diminish  the  electro-motive  lorce  round  the  secondary, 
ractice  however  it  is  not  possible  to  have  the  whole  of  the  wire 
eeting  the  coatings  of  the  jar  in  the  coil  C ;  and  in  this  case  an  in- 
?e  in  the  number  of  turns  may  increase  the  mutual  induction  more 
the  self-induction,  and  so  be  advantageous.  The  best  result  will 
stained  when  the  self-induction  in  the  coil  C  is  equal  to  that  of 
emainder  of  the  circuit.    It  is  very  easy  to  find  by  actual  trial 
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whether  the  addition  of  an  extra  turn  of  wire  is  beneficial  or  the  r 
verse.  The  brightness  of  the  discharge  depends  upon  the  time  oft! 
electrical  oscillations  as  well  as  upon  the  magnitude  of  the  electro-i 
tive  force.  Thus,  in  an  experiment  to  be  described  later,  the  brillian 
of  the  discharge  was  increased  by  putting  self-induction  in  the  lea 
which,  though  it  diminished  the  intensity  of  the  electromotive  foi 
increased  the  time  constant  of  the  system.  When  the  discharged 
was  square  and  the  coil  C  had  also  to  be  square  it  was  found  m 
convenient  to  make  it  of  glass  tubing  bent  into  the  required  form  i 
filled  with  mercury.  When  however  the  discharge  was  required  i 
bulb,  the  primary  coil  was  made  of  thick  gutta-percha-covered  cop 
wire  wound  round  a  beaker  just  large  enough  to  receive  the  exhaus 
bulb.  There  is  sometimes  considerable  difficulty  in  getting  the  i 
discharge  to  pass  through  the  bulb,  though  when  it  has  onee  h 
started  other  discharges  follow  with  much  less  difficulty.  The  & 
effect  occurs  with  ordinary  sparks.  It  seems  to  be  due  to  the  split! 
up  of  the  molecules  by  the  first  discharge;  some  of  the  atoms  are 
uncombined,  and  so  ready  to  conduct  the  discharge,  or  else  when  t 
re-combine  they  form  compounds  of  smaller  electric  strength  than 
original  gas.  When  the  discharge  was  loath  to  start,  I  found  then 
effectual  way  of  inducing  it  to  do  so  was  to  pull  the  terminals  of 
Wimshurst  far  apart  and  then,  after  the  jars  had  got  fully  charged 
push  the  terminals  suddenly  together.  In  this  way  a  long  spar 
obtained,  which,  if  the  pressure  of  the  gas  is  such  that  any  discba 
is  possible,  with  the  means  at  our  disiwsal  will  generally  start  the 
charge. 

Appearance  of  the  discharge. — Let  us  suppose  that  we  have  eith( 
square  tube  placed  outside  a  square  primary  or  a  bulb  pla<*^  insic 
circular  coil  of  wire,  and  that  we  gradually  exhaust  the  discharge  ti 
the  jars  sx)arking  all  the  time.  At  first  nothing  at  all  is  to  be  seei 
the  secondary,  but  when  the  exhaustion  has  proceeded  until  the  p 
sure  has  fallen  to  a  millimeter  or  thereabouts,  a  thin  thread  of  redd 
light  is  seen  to  go  round  the  tube  situated  near  to  but  not  touching 
side  of  the  tube  turned  towards  the  primaiy.  As  the  exhaustion  } 
ceeds  still  further,  the  brightness  of  this  thread  rapidly  increases, 
well  as  its  thickness;  it  also  changes  its  color,  losing  its  red  tinge  2 
becoming  white.  On  continuing  the  exhaustion  the  luminosity  atta 
a  nuiximum,  and  the  discharge  passes  as  an  exceedingly  bright  a 
well-defined  ring.  On  continuing  the  exhaustion,  the  luminosity  beg 
to  diminish  until,  when  an  exceedingly  good  vacuum  is  reached,  no  c 
charge  at  all  passes.  The  pressure  at  which  the  luminosity  is  a  ma 
mum  is  very  much  less  than  that  at  which  the  electric  strength  of  i 
gas  is  a  minimum  in  a  tube  provided  with  electrodes  and  comparal 
in  size  to  the  bulb.  The  pressure  at  which  the  discharge  stops  is  1 
ceedingly  low,  and  it  requires  long-continued  pumping  to  reach  t 
stage.    W^e  see  from  these  results  that  the  difficulty  which  is  exjH 
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enced  in  getting  the  dischage  to  pass  through  an  ordinary  va€uum-tube 
when  the  pressure  is  very  low  is  not  altogether  due  to  the  difficulty  of 
jjetting  the  electricity  from  the  electrodes  into  the  gas,  but  that  it  also 
occurs  in  tubes  without  electrodes,  though  in  this  case  the  critical 
pressure  is  very  much  lower  than  when  there  are  electrodes.  In  other 
words,  we  see  that  as  the  state  of  the  bulb  approaches  that  of  a  i>er- 
fect  vacuum  its  insulating  power  becomes  stronger  and  stronger.  This 
result  is  confirmed  by  several  other  experiments  of  a  different  kind, 
which  will  be  described  later. 

The  discharge  presents  a  perfectly  continuous  appearance,  with  no 
sign  of  striation,  of  which  I  have  never  observed  any  trace  on  any  of 
the^  discharges,  though  I  must  have  observed  many  thousands  of 
them  under  widely  different  conditions. 

Action  of  a  magnet  on  the  discharge. — The  discharges  which  take 
plac«  in  these  tubes  and  bulbs  are  produced  by  periodic  currents,  so 
that  the  discharges  themselves  are  periodic,  and  the  luminosity  is  pro- 
duced by  currents  passing  in  opposite  directions.  As  this  is  the  case, 
it  seemed  possible  that  the  uniformity  of  the  luminosity  seen  in  the 
discharge  was  due  to  the  super-position  of  two  stratified  discharges  in 
opposite  directions,  the  places  of  maximum  luminosity  in  the  one 
fitting  into  those  of  minimum  luminosity  in  the  other.  Since  these 
discharges  are  in  o^jposite  directions,  they  will  be  pushed  opposite 
ways  when  a  magnetic  force  acts  at  right  angles  to  them,  the  dis- 
charges in  opposite  directions  can  thus  be  separated  by  the  application 
of  a  magnetic  force  and  examined  separately.  In  the  experiment  which 
was  tried  with  this  object,  a  square  tube  was  used  placed  outside  the 
primary,  the  tube  at  one  or  two  places  being  blown  out  into  a  bulb  so 
as  to  allow  of  the  wider  separation  of  the  constituent  discharges. 
When  one  of  these  bulbs  was  i)laeed  in  a  magnetic  field  where  the 
force  was  at  right  angles  to  the  discharge,  the  luminous  discharge 
through  the  bulb  was  divided  into  two  portions  which  were  driven  to 
opposite  sides  of  the  bulb;  each  of  these  portions  was  of  uniform  lumi- 
nosity and  exhibited  no  trace  of  striation.  It  was  noticed,  however,  in 
making  this  experiment  that  the  discharge  seemed  to  have  much  greater 
difficulty  in  passing  through  the  tube  when  the  electro  magnet  was  on 
than  when  it  was  off.  This  observation  was  followed  up  by  several 
other  experiments,  and  it  was  found  that  the  discharge  is  retarded  in 
3  most  remarkable  way  by  a  magnetic  force  acting  at  right  angles  to 
the  line  of  discharge.  This  effect  is  most  strikingly  shown  when  the 
discbarge  passes  as  a  ring  through  a  spherical  bulb.  If  such  a  bulb 
jj^  placed  near  a  strong  electro-magnet,  it  is  easy  to  adjust  the  length  of 
^park  so  that  when  the  magnet  is  off  a  brilliant  discharge  passes 
tbrongh  the  bulb,  while  when  the  magnet  is  on  no  discharge  at  Jill  can 
^  detected.  The  action  is  very  striking,  and  the  explanation  of  it 
^hich  seems  to  fit  in  best  with  the  phenomena  I  have  observed,  is  that 
the  discharge  through  the  rarefied  gas  does  not  rise  to  its  f vxU  \\\t«ii^\\i^ 
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suddenly,  but  as  it  were  feels  its  way.  The  gas  first  breaks  down 
along  the  line  where  the  electro-motive  intensity  is  a  maximum,  and  a 
small  discharge  takes  place  along  this  line.  This  discharge  produces 
a  supply  of  dissociated  molecules  along  which  subsequent  discharges 
cai),  pass  with  greater  ease.  Thus  under  the  action  of  these  electric 
forces  the  gas  is  in  a  state  of  unstable  equilibrium,  since  as  soon  as 
any  small  discharge  passes  through  it  the  gas  becomes  electrically 
weaker  and  less  able  to  resist  subsequent  discharges.  When  the  gas 
is  in  a  magnetic  field,  the  magnetic  force  acting  on  the  discharge  pro- 
duces a  mechanical  force  which  displaces  the  molecules  taking  part  in 
the  discharge  from  the  line  of  maximum  electric  intensity,  and  thufci 
subsequent  discharges  do  not  find  it  any  easier  to  pass  along  this  line 
in  consequence  of  the  passage  of  the  previous  one.  There  will  uof 
therefore  be  the  same  instability  in  this  case  as  in  the  one  where  no 
magnetic  force  acted  upon  the  gas.  A  confirmation  of  this  view  is,  1 
think,  aftbrded  by  the  appearance  presented  by  the  discharge  whei 
the  intensity  of  the  magnetic  field  is  reduced,  so  that  the  dischargi 
just — but  only  just- — passes  when  the  magnetic  field  is  on.  In  this  cas( 
the  discharge,  instead  of  passing  as  a  steady  fixed  ring,  flickers  abou 
the  tube  in  a  very  undecided  way. 

If  the  strength  of  the  magnetic  field  is  reduced  still  further,  so  tha 
the  discharge  passes  with  vsome  ease,  the  bright  ring  which,  when  n 
magnetic  force  is  acting,  is  in  one  plane,  is  changed  into  a  luminon 
band  situated  between  two  planes  which  intersect  along  a  diameter  c 
the  bulb  at  right  angles  to  the  magnetic  force.  These  planes  are  ii 
clined  at  a  considerable  angle,  one  being  above  and  the  other  belo^ 
the  plane  of  the  undisturbed  ring.  This  displacement  of  the  ring  b 
the  magnetic  force  shows  that  it  consists  of  currents  circulating  tai 
gentially  round  the  ring. 

This  action  of  a  magnet  on  a  dischargfe  flowing  at  right  angles  to  it 
lines  of  force  is  not,  however,  the  only  remarkable  effect  produced  by 
magnet  on  the  discharge.  When  the  lines  of  magnetic  force  are  alon 
the  line  of  discharge,  the  action  of  the  magnet  is  to  facilitate  the  dii 
charge  and  not  to  retard  it  as  in  the  former  case.  The  first  indicatio 
of  this  was  observed  when  the  jars  were  connected,  as  in  (a)  Fig.  " 
The  earth  connection  being  removed,  in  this  case  there  is  a  glow  froi 
the  glass  into  the  bulb,  due  to  the  re-distribution  of  the  electricit 
induced  on  the  gLass  by  the  primary  when  it  is  at  a  high  potentis 
before  the  spark  passes.  If  the  ])riniary  is  connected  to  earth  by 
circuit  with  an  air  break  in  it,  the  intensity  of  the  glow  may  be  altere 
at  will  by  adjusting  the  length  of  the  air  break;  when  the  air-space  i 
very  small  there  is  no  glow;  when  it  is  long  the  glow  is  bright.  Tli 
bulb  in  which  the  discharge  was  to  take  place  was  placed  (m  a  piece  ( 
ebonite  over  the  pole  of  an  electro-magnet,  and  the  air-space  in  tb 
earth  connection  of  the  primary  was  adjusted  so  that  when  the  magm 
was  oft'  no  glow  was  observed  in  the  tube.     When  the  magnet  was  oi 
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however,  a  glow  radiating  in  the  direction  of  the  lines  of  magnetic 
force  was  produced,  which  lasted  as  long  as  the  magnet  was  on,  and 
died  away  rapidly,  but  not  instantaneously,  when  the  magnet  was 
taken  off.  In  this  case  the  discharge  seems  to  be  much  easier  along 
the  lines  of  magnetic  force. 

The  following  experiment  shows  that  this  eii'ect  is  not  confined  to 
the  glow  discharge,  but  is  also  operative  when  the  discharge  passes 
entirely  through  the  gas.  A  square  tube  ABCD  (Fig.  6)  is  placed  out- 
side the  primary  EFGII,  the  lower  part  of  the  discharge  tube  CD  being 
situated  between  the  poles  L  M  of  an  electro-magnet.  By  altering  the 
leugth  of  spark  of  the  Winishurst  maclnne,  tlie  electro-motive  intensity 
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acting  on  the  secondary  can  be  so  adjusted  that  no  discharge  passes 
round  the  tube  ABCD  when  the  magnet  is  off,  whilst  a  bright  dis- 
charge occurs  as  long  as  the  magnet  is  on.  The  two  effects  of  the 
magnet  on  the  discharge,  viz,  the  stoppage  of  the  discharge  across  the 
lines  of  magnetic  force,  and  its  acceleration  along  them,  maybe  prettily 
ilhistrated  by  placing  in  this  experiment  an  exhausted  bulb  N  inside 
the  primary;  then  the  spark  length  can  be  adjusted  so  that  when  the 
magnet  is  off  the  discharge  passes  in  the  bulb,  and  not  in  the  square 
tube,  while  when  the  magnet  is  on  the  discharge  passes  in  the  square 
tube,  and  not  in  the  bulb. 

The  exjieriments  on  tTie  effect  of  the  magnetic  field  on  the  discharge 
were  tried  with  air,  carbonic  a<iid,  and  oxygen,  but  1  could  not  detect 
any  dift'erence  in  the  behavior  of  the  gases. 

The  explanation  of  the  longitudinal  effect  of  magnetic  force  seems 
more  obscure  than  that  of  the  transverse  effect;  it  is  possible  how- 
ever that  both  may  be  due  to  the  same  cause,  for  if  the  feeble  dis- 
charge which  we  suppose  precedes  the  main  discharge  branches  away 
at  all  from  the  line  of  main  discharge,  the  action  of  the  magnetic  forc^ 
when  it  is  along  the  discharge  will  tend  to  bring  these  branches  into 
^liemain  line  of  discharge;  and  thus  there  will  be  a  greater  supply  of 
dissociated  molecules  along  the  main  line  of  discharge,  and  therefore 
an  easier  path  for  the  subsequent  discharges  when  the  magnetic  force 
^acting  than  when  it  is  absent. 

It  is  perhaps  not  necessary  to  assume  that  the  mechanical  action  of 
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the  magnetic  force  is  on  a  small  discharge  preceding  the  main  one; 
the  action  of  the  magnetic  force  on  the  chain  of  polarized  molecules 
which  are  formed  before  the  discharge  passes  might  prinluce  an  effect 
equivalent  to  that  which  we  have  supposed  was  produced  on  an  actual 
discharge. 

The  chain  of  polarized  molecules  would  be  affected  in  the  following 
way :  The  magnetic  field  due  to  the  electro-magnet  consists  of  tubes  of 
electrostatic  induction  moving  about  these  tubes,  as  well  as  the  direc- 
tion in  which  they  are  moving,  are  at  right  angles  to  the  lines  of  mag- 
netic force.  The  short  tubes  of  electrostatic  induction  which  join  the 
atoms  in  the  molecules  of  the  gas  will,  under  the  influence  of  the  electric 
forces,  set  themselves  parallel  to  the  direction  of  the  electro-motive  in- 
tensity at  each  point. 

Thus,  when  the  magnetic  force  is  at  right  angles  to  the  line  of  dis- 
charge, tubes  of  electrostatic  induction  parallel  to  those  in  the  molecules 
will  be  moving  about  in  the  field;  and  since  parallel  tubes  exert  attrac- 
tion and  repulsion  on  each  other,  the  molecular  tubes  will  be  knocked 
about  and  their  efforts  to  form  closed  chains  made  much  more  difficult 
by  the  action  of  the  magnet.  On  the  other  hand,  when  the  Hnes  of 
magnetic  force  are  parallel  to  the  discharge,  the  moving  tube«  are  at 
right  angles  to  those  in  the  molecules,  and  will  not  disturb  them  in  tbe 
attempt  to  form  chains  ahmg  the  line  of  magnetic  force;  they  will  in 
fact  assist  them  in  doing  so  by  preventing  all  attempts  in  directions 
across  the  lines  of  force. 

Prof.  G.  F.  Fitzgerald  has  suggested  to  me  in  conversation  that  this 
action  of  a  magnet  on  thedischarge  mightbe  the  cause  of  the  ''streamers^ 
which  are  observed  in  the  aurora;  the  rare  air  being  electrically  weaker 
along  the  lines  of  magnetic  force  than  at  right  angles  to  them  will  cause 
the  discharge  in  the  direction  of  those  lines  to  be  the  brightest. 

Discharge  through  different  gases. — I  have  examined  the  discharge 
through  air,  carbonic  acid,  hydrogen,  oxygen,  coal  gas,  and  acetylene. 
As  I  have  already  mentioned,  at  the  highestv  pressures  at  which  the 
discharge  passes  through  air,  the  discharge  is  reddish,  and  gets  brightex 
and  whiter  at  lower  pressures.  If  the  discharge  is  examined  through 
a  spectroscoi)e,  the  lines  in  the  si)ectrum  coincide  with  those  obtained 
by  sparking  through  air  in  the  ordinary  way  with  a  jar  in  the  circuit 
The  relative  brightness  of  the  lines  in  the  spectrum  of  the  discharge 
without  electrodes  varies  very  much  with  the  pressure  of  the  gas  and 
the  length  of  spark  in  the  jar  circuit.  With  a  long  spark  in  this  cir- 
cuit, and  the  pressure  such  as  to  give  a  bright  white  discharge,  the 
spectrum  is  very  much  like  that  of  the  ordinary  jar  discharge  in  air. 
When  however  the  pressure  is  so  low  that  the  discharge  passes  with 
difficulty,  a  few  lines  in  the  spectrum  shine  out  very  brightly,  whilst 
others  become  faint,  so  faint  indeed  sonietimes  that  if  the  air  spectrum 
were  not  thrown  into  the  field  of  view  of  the  spectroscope  at  the  same 
time^  they  might  pass  unnoticed.    Three  lines  which  are  very  persist- 
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ent,  the  first  a  citron  green,  the  second  a  more  refrangible  green,  and 
tbe  third  a  blue,  I  am  inclined  to  think  must  be  due  to  mercury  vapor 
from  the  pump. 

1  am  indebted  to  Prof.  Liveing  for  the  loan  of  a  very  fine  direct- 
vision  spectroscope,  and  to  him  and  Mr.  Robinson,  of  the  Cambridge 
Chemical  Laboratory,  for  valuable  advicie  in  the  attempts  which  I  made 
to  photograph  the  spectra  of  some  phosphorescent  glows  mentioned 
below. 

I  should  like  to  call  attention  to  the  advantages  for  spectroscopic 
purposes  which  attend  this  method  of  producing  the  discharge;  it  is 
easily  done  either  by  an  ordinary  electrical  machine  or  an  induction 
coil.  An  intensely  bright  discharge  is  got,  and  there  is  no  danger  of 
comjilication  arising  from  the  spectrum  of  the  gas  getting  mixed  with 
that  of  the  electrodes. 

Discharge  m  ojcygen, — By  far  the  most  remarkable  appearance  is  pre- 
sented when  the  discharge  passes  through  oxygen,  for  in  this  gas  the 
bright  discharge  is  succeeded  by  a  phosphorescent  glow  which  lasts 
for  a  considerable  time;  indeed,  with  a  strong  discharge  it  may  remain 
visible  for  more  than  a  minute.  When  the  discharges  succeed  one 
another  pretty  rapidly,  the  phosphorescence  is  so  strong  that  it  hides 
the  successive  bright  discharges,  and  the  tube  seems  permanently  full 
of  a  bright  yellow  fog.  We  can  thus,  by  the  use  of  this  gas,  convert 
the  intermittent  light  given  by  the  bright  discharge  into  a  continuous 
one. 

Perhaps  the  most  striking  way  of  showing  this  phosphorescence  is  to 
use  a  long  tube,  about  a  meter  long  and  6  or  7  centimeters  in  diameter, 
with  a  bulb  blown  in  the  middle,  the  primary  coil  being  twisted  round 
this  bulb.  Then,  when  the  sparks  pass  between  the  jars,  a  bright  ring 
discharge  passes  through  the  bulb,  from  which,  as  if  shot  out  from  the 
ring,  the  phosphorescent  glow  travels  in  both  directions  along  the  tube, 
moving  slowly  enough  for  its  motion  to  be  followed  by  the  eye.  It  can 
not,  therefore,  be  produced  by  the  direct  action  of  the  light  from  the 
spark  on  the  gas  in  the  tube,  for  if  it  were,  the  glow  would  travel  with 
the  velocity  of  light.    It  is  necessary  to  mention  this  point,  for  the 

'      Ught  from  these  discharges  has  great  powers  of  producing  phosphores- 

»      c^nee. 

^         The  glow  seems  to  consist  of  gas  which  has  been  in  the  path  of  the 

discharge,  and  whose  molecules  liave  been  split  up  by  it  and  projected 

ftv>mthe  line  of  discharge.    This  gas  which,  when  i)rojected,  is  in  a 

peculiar  state,  by  a  process  of  chemical  combination  gradually  returns 

^its  original  condition,  and  it  is  while  it  is  in  this  state  of  transition 

ft^m  its  new  condition  to  the  old  that  it  phosphoresces.    If  this  is  the 

^ase  we  should  exi)ect  that  the  period  of  phosphorescence  would  be 

shortened  by  raising  the  temperature.    On  trying  the  experiment  I 

foaod  that  this  took  place  to  a  very  marked  extent.     A  discharge  bulb 

fiWed  with  oxygen  at  a  low  pressure  was  placed  over  a  Bv\\\^^ti\>\YC\i<iv^ 

il.  Mis.  114 10 
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before  the  bulb  got  hot  each  bright  discharge  was  succeeded  by  a  brigbt 
after- glow,  but  as  the  bulb  got  hotter  and  hotter  the  glow  became  fainter 
and  fainter,  and  at  last  ceased  to  be  visible,  though  the  bright  ring 
was  still  produced  at  each  discharge  of  the  jar.  When  the  Buiiseu 
was  taken  away  and  the  bulb  allowed  to  cx>ol  the  glow  re-appeared. 

The  spectrum  of  the  after-glow  is  a  continuous  spectrum,  in  which 
I  could  not  detect  the  super-position  of  any  bright  lines.  The  only  gas 
beside  oxygen  in  which  I  have  been  able  to  detect  any  afterglow  is  air, 
though  in  this  case  the  range  of  pressure  within  which  it  is  exhibited 
is  exceedingly  small;  indeed  it  is  often  by  no  means  an  easy  matter  to 
get  a  bulb  filled  with  air  into  the  state  in  which  it  shows  the  glow. 
The  spectrum  of  the  air-glow  showed  bright  lines;  I  thought  myself 
that  I  could  see  a  very  faint  continuous  spectrum  as  well.  Some  friends 
however  who  were  kind  enough  to  examine  the  spectrum,  though  they 
could  see  the  bright  lines  clearly  enough,  were  of  opinion  that  there 
was  nothing  else  visible.  I  endeavored  to  photograph  it,  but  without 
success,  so  that  the  existence  of  a  continuous  spectrum  for  this  glow 
must  be  ex)n8idered  doubtful. 

When  the  discharge  passes  through  acetylene,  the  first  two  or  three 
discharges  are  a  bright  apple-green ;  the  subsequent  ones,  however,  are 
white,  and  as  the  green  discharge  does  not  reappear,  we  must  conclude 
that  the  a<jetylene  is  decomposed  by  the  discharge. 

PhoHpJMreseence  produced  by  the  discJiarge, — The  discharge  without 
electrodes  i^roduces  a  very  vivid  phosphorescence  in  the  glass  of  the 
vessel  in  which  the  discharge  takes  place;  the  phosphorescence  is  green 
when  the  bulb  is  made  of  German  glass,  blue  when  it  is  made  of  lead 
glass.  Not  only  does  the  bulb  itself  phorphoresce,  but  a  piece  of  ordi 
nary  glass  tubing  held  outside  the  bulb  and  about  a  fiK>t  from  it  phos- 
phoresces brightly;  while  uranium  glass  will  phosphoresce  at  a  dis- 
tiince  of  several  feet  from  the  discharge.  Similar  effects,  but  to  a 
smaller  extent,  are  produced  by  the  ordinary  spark  between  the  poles 
of  an  electrical  machine. 

The  vessel  in  which  the  discharge  takes  place  maybe  regarded  as 
the  secondary  of  an  induction  coil,  and  the  discharge  in  it  shows  similar 
properties  to  those  exhibited  by  currents  in  a  metallic  secondary.  Thus 
no  discharge  is  produced  unless  there  is  a  free  way  all  round  the  tube; 
the  discharge  is  stopped  if  the  tube  is  fused  up  at  any  point.  In  order 
that  the  discharge  may  take  place,  it  is  necessary  that  the  molecules 
of  the  gas  shall  be  able  to  form  a  closed  chain  without  the  interposition 
of  any  non-conducting  substance;  indeed,  the  discharge  seems  to  be 
hindered  by  the  presence  in  such  a  chain  of  any  second  body,  even 
though  it  may  be  a  good  conductor  of  electricity.  Thus,  when  a  tube 
such  as  that  in  Fig.  7  is  used,  which  has  a  barometer  tube  attached 
to  it,  so  that  by  raising  or  lowering  the  vessel  into  which  the  tube 
dips  a  mercury  pellet  may  be  introduced  into  the  4i^harge  circuit, 
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spark  length  in  the  primary  circuit  may  be  so  adjusted  that  a  dis- 
•ge  passes  when  there  is  a  clear  way  round  the  tube,  but  stops 
D  a  pellet  of  mercury  is  forced  up  so  as  to  close  the 
jway.  I  noticed  a  similar  effect  in  my  experiments 
a  long  vacuum  tube  described  in  the  Proceedingn  of 
loyal  Society  for  January,  1891. 

lad  another  discharge  tube  prepared,  of  which  a  sec- 
is  shown  in  Fig.  8,  a,  in  which  a  diaphragm  (AB)  of 
copper  plate  was  placed  across  the  ttibe ;  the  diaphragm 
»ened  to  catch  at  the  bottom  of  the  tube,  so  that  it 
led  the  latter  rather  unequally,  and  left  a  narrow  pas- 
round  its  edge.  As  much  of  the  discharge  as  there 
room  for  went  round  the  edge  of  the  plate;  the  remain- 
seas  not  able  to  get  through  the  copper,  but  formed  a 
d  circuit  by  itself  in  the  larger  segment  of  the  tube, 
lother  tube,  which  is  represented  in  section  in  Fig.  8,  /?, 
jopper  diaphragm  was  attached  to  the  walls  of  the  tube  by  sealing- 
,  so  that  there  was  no  free  way;  in  this  case  the  discharge  again 
>ed  ti)  go  through  the  copper,  and  split  up  into  two  separate  dis- 
ges,  as  in  the  figure.  When  the  tube  was  divided  by  copper 
hragms  into  six  segments,  as  in  Fig  8,  y,  no  discharge  at  all  would 
through.  When  the  primary  was  slipped  up  the  tube  above  the 
hragm,  a  brilliant  discharge  was  obtained.  These  four  experi- 
ts  all  illustrate  the  diflficnlty  which  the  electricity  has  in  getting 
sferred  from  a  gas  to  another  conductor. 


Fia.  7. 


B  a 


¥ui.  H. 


Iiere  is  no  discharge  through  the  secondary,  if  it  is  of  such  a  kind 
,  considering  a  closed  curve  drawn  in  it,  the  electro- motive  inten- 
ds we  travel  along  the  curve  tends  to  polarize  the  particles  in  one 
of  the  chain  in  one  direction,  and  in  the  other  half  in  the  opposite 
3tion,  the  direction  being  reckoned  relative  to  the  direction  we  are 
eling  round  the  curve.  Thus  for  example  if  we  take  a  tube 
$e  axis  is  bent  back  on  itself,  as  in  the  figure,  the  electro-motive 
isity  will  tend  to  polarize  the  particles  in  one  part  of  the  chain  in 
direction  of  the  arrow,  and  those  in  the  other  in  the  opposite 
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direction;  it  is  impossible  to  get  a  discharge  throagbatabe  oftMs 
kiud. 


I  I 


3i   ^ 


On  the  other  hand,  the  molecules  exhibit  remarkable  jiowers  ot  mak- 
iug  closed  cbaiusfor  thwmselves  when  not  actually  prevented 
by  the  action  of  the  electro -motive  intensity.  Thus  the  dis- 
charge will  pass  through  a  great  length  of  tabiug  in  the 
secondary,  even  if  it  is  bent  up  as  in  Fig.  10,  where  the  ver- 
tical piece  in  the  upper  part  of  the  secondary  is  at  right 
angles  to  the  direction  of  the  electric  force,  and  where  the 
molecules  will  receive  no  help  in  forming  closed  chains  &om 
the  action  of  the  external  electro-motive  forces,  I  have  c- 
ceeded  in  sending  dL-^cliarges  through  tubes  of  this  kind  12 
to  14  feet  in  length. 


Screening  effects  diie  to  the  currenU)  in  the  tubes. — One  very  uoticeabit 
feature  of  these  discharges  is  the  well  defined  character  of  the  ring,  if 
the  pressure  is  not  too  low.    If  a  large  bulb  is  used  for  the  secondar}' 
with  the  primary  just  outside  it,  when  the  sparts 
pass  between  the  jars  a  bright,  well-defined  lini 
passes  through  the  bulb  near  to  the  surface  of  tbe 
glass,  the  gas  inside  this  ring  being,  as  far  as  ut 
be  Judged,  quite  free  from  any  discharge.     If  nows 
bulb  whose  diameter  is  less  than  that  of  the  InnuD- 
ous  ring  is  inserted  in  the  primary  in  place  of  the 
larger  bulb,  a  bright  ring  will  start  in  this,  tboagb 
at  this  distiiiice  from  the  primary  there  was  no  ili^ 
charge  in  the  larger  bulb.    Thus  when  the  larg« 
bulb  was  in  the  primary,  the  discharge  through  iM 
outer  portions  screened  the  interior  from  electro- 
Z^^fV  motive  forces  to  an  extent  sufiicieut  to  atop  a  dis- 
inj.ii,  charge  which  would  otherwise  take  place. 

The  screening  action  of  these  discharges  is  also  shown  by  the  follow- 
ing ex|ieriment:  A,  B,  C,  Fig.  11,  is  the  section  of  a  giaas  vessel  shaped 
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like  a  Buusen's  calorimeter^  in  the  inner  portion  A,  B.  O  of  this  vessel 
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i  exhaasted  tube  is  placed,  while  a  pipe  from  the  outer  vessel  leads 
>  a  mercury  pump  and  enables  us  to  alter  the  pressure  at  will.  The 
nmary  coil,  L,  M,  is  wound  round  the  outer  tube.  When  the  air  in 
It  outer  tube  is  at  atmospheric  pressure,  the  discharge  caused  by  the 
Ption  of  the  primary  passes  in  the  tube  E  inserted  in  A,  B,  C;  but 
hen  the  pressure  in  the  outer  tube  is  reduced  until  a  discharge  passes 
iroagh  it,  the  discharge  in  the  inner  one  stops;  the  discharge  in  the 
iter  tube  has  thus  shielded  the  inner  tube  from  the  action  of  the 
•imary.  If  the  exhaustion  of  the  outer  tube  is  carried  so  far  that  the 
scbarge  through  it  ceases,  that  in  the  inner  tube  begins  again.  It  re- 
tires very  high  exhaustion  to  do  this,  and  as  on  account  of  the  joints 
is  unsafe  to  make  the  vessel  very  hot  during  the  pumping,  I  have 
md  it  impossible  to  keep  a  vacuum  good  enough  to  show  this  effect 
•  more  than  from  half  to  three-quarters  of  an  hour;  in  that  time  suffi- 
int  gas  seems  to  have  escaped  from  the  sides  of  the  vessel  to  make 
B  pressure  too  high  to  show  this  effect,  and  It  then  takes  from  two  to 
pee  hours'  pumping  to  get  the  tube  back  again  into  its  former  state. 
1  interesting  feature  of  this  experiment  is  that  for  a  small  range  of 
essure,  just  greater  thah  that  at  which  the  discharge  first  appears  in 
ft  outer  tube,  there  is  no  discharge  in  either  of  the  tubes;  thus  the 
tion  of  the  primary  is  screened  off  from  the  inner  tube,  though  there 
no  luminosity  visible  in  the  outer  one;  this  shows  that  a  discharge 
uivalent  in  its  effects  to  a  current  can  exist  in  the  gas  without  suffi- 
iit  luminosity  to  be  visible  even  in  a  darkened  room.  We  shall  have 
[^asiou  to  mention  other  cases  in  which  the  existence  of  a  discharge 
u  luminous  throughout  the  whole  of  its  course  is  rendered  evident  in 
umilar  way. 

Another  experiment  by  which  the  screening  can  be  effectively  shown 
to  place  the  primary  coil  inside  a  bell-.jar  which  is  connected  with  a 
ircury  pump,  the  eleclrical  connexions  with  the  primary  being  led 
rough  mercury  joints.  An  exhausted  bulb  is  placed  inside  the  pri- 
ory, the  bulb  being  considerably  smaller  than  the  primary,  so  that 
ere  is  an  air-space  between  the  two.  Before  the  bell-jar  is  exhausted 
e  discharge  passes  through  the  bulb,  but  when  the  bell-jar  is  ex- 
msted  sufficiently  to  allow  of  the  discharge  passing  through  the  gas 
itside  the  bulb  the  discharge  in  the  bulb  ceases,  and  the  only  dis- 
large  is  that  outside.  I  have  never  been  able  to  exhaust  the  bulb 
rificiently  well  to  get  the  discharge  outside  the  bell-jar  to  cease,  and 
latin  the  bulb  to  appear  again,  as  in  the  preceding  experiment.  In 
lis  experiment,  as  in  the  preceding  one,  there  was  a  range  of  pressure 
hen  neither  the  bulb  nor  the  boll-jar  was  luminous,  showing  again  the 
istence  of  currents  in  the  gas  which  are  not  accompanied  by  any 
>preciable  luminosity. 

A.  carious  bending-in  of  the  discharge  which  takes  place  in  a  square 
>e  provided  with  a  bulb  can,  I  think,  be  explained  by  the  principle 
shielding.    The  discharge  in  the  bulb  does  not,  unless  very  long 


246  DISCHARGE   OF   ELECTRICITY. 

sparks  are  used,  take  as  its  course  through  the  bulb  the  prolou^tio 
ot  the  direction  of  the  tube,  but  is  bent-in  towards  the  primary.   I 

Fig.  12  the  dotted  line  represents  the  course  the  dischar^ 
would  have  taken  if  there  had  been  no  bulb,  the  contin 
ous  line  the  course  actually  taken.  This  bending-in  a 
be  explained  by  supposing  the  currents  started  near  tl 
primary  to  shield  ofif  from  the  outlying  space  the  acti< 
o'f  the  primary,  and  thus  make  the  electro-motive  i 
tensity  along  the  axis  of  the  tube  smaller  than  it  won 
Fio.  12.         have  been  if  no  discharge  had  been  possible  l>etween  t 

axis  and  the  primary  circuit. 
Before  describing  some  further  experiments  on  this  shielding  eflFe» 
it  will  be  useful  to  consider  the  means  by  which  it  is  brought  aboi 
Let  us  suppose  we  have  a  vertical  plate  made  of  conducting  materi 
and  to  the  right  of  the  plate  a  region  A  which  it  shields.  This  regi 
has  to  be  shielded  from  tubes  of  electrostatic  induction  coming  fr< 
the  left,  which  have  to  pass  through  the  shield  before  reaching  A,  a; 
from  tubes  coming  from  the  right  which  have  to  pass  through  A  befc 
reaching  the  field.  The  action  of  the  shield  in  the  first  case  is  ve 
simple,  for  when  a  tube  get's  inside  a  conductor  it  at  once  attempts 
contract  to  molecular  dimensions,  and  after  a  time  proportional  to  t 
specific  resistance  of  the  conductor  it  succeeds  in  doing  so.  Thus  if  t 
shield  is  made  of  a  good  conductor  the  tubes  of  electrostatic  inducti 
will  be  transformed  into  molecular  tubes  before  they  have  time  to  ^ 
through ;  so  that  the  shield  will  protect  A  from  all  tubes  which  ha 
to  go  through  it.  The  way  the  shield  destroys  or  rather  neutraliz 
the  effect  of  the  tubes  coming  from  the  right  is  somewhat  differei 
when  a  x)ositive  tube  reaches  the  shield  a  negative  one  emerges  from 
travelling  at  right  angles  to  itself  in  the  opposite  direction  to  the  in 
dent  tube  5  thus,  when  the  first  few  tubes  reai^h  the  shield  from  t 
right  they  will  produce  a  supply  of  negative  ones,  and  the  presence 
these  negative  tubes  at  A  concurrently  with  the  positive  ones  whi 
continue  to  arrive  there  will  weaken  the  field  to  a  greater  and  great 
extent  as  A  approaches  the  shield.  At  the  surface  of  the  shield  ic» 
the  neutralization  will  be  complete.  A  dielectric  whose  specific  indt 
tive  capacity  is  greater  than  usual  will  behave  in  a  similar  way  to 
metal  plate,  but  to  a  smaller  extent.  It  w^ill  emit  tubes  of  the  opposi 
sign,  but  not  so  numerous  as  those  incident  upon  it.  Thus  a  met 
plate,  or  even  one  made  of  a  dielec^tricof  considerable  specific  indacti^ 
capacity,  will  reduce  very  considerably  the  tangential  electromoti^ 
force  on  either  side  of  it. 

I  have  made  several  experiments  in  which  this  efiect  was  very  strii 
ingly  shown.  In  one  of  these,  two  square  discharge-tubes  of  eqin 
cross  section  placed  near  and  parallel  to  each  other  were  connected  I 
a  cross  tube,  so  that  the  pressure  was  the  same  in  both  tubes;  a  fii 
wire  passed  round  the  inside  of  one  of  the  tubes,  its  ends  being  coi 
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nected  together  so  that  it  formed  a  closed  circuit,  the  other  tube  con- 
tained nothing  but  air  at  a  low  pressure.  When  this  double  tube  was 
placed  outside  the  primary  the  discharge  went,  at  the  passage  of  each 
8paik,  through  the  tube  without  a  wire,  while  the  tube  containing  the 
wire  remained  quite  dark.  A  similar  experiment  was  tried  by  taking  a 
cyliDdrical  tube  and  suspending  in  it  a  metal  ring  co-axial  with  the 
tube;  in  this  case  it  was  easy  to  adjust  the  spark- length  so  that  no  dis- 
charge passed  through  the  tube  when  the  primary  was  placed  round  it 
at  the  level  of  the  ring,  while  a  discharge  passed  as  soon  as  the  primary 
was  moved  above  or  below  the  ring. 

Another  very  convenient  tube  for  showing  this  effect  is  the  one  with 
the  hollow  down  the  middle,  Fig.  11 ;  when  this  is  pumped  so  that  dis- 
charges can  pass  through  the  outer  tube  the  spark-length  can  be 
adjusted  so  that  the  discharge  stops  immediately  when  a  metal  tube,  a 
test-tube  containing  a  strong  solution  of  an  electrolyte,  or  a  tube  con- 
taining air  at  a  pressure  at  which  it  is  elex»trically  very  weak,  is  placed 
in  the  central  opening.  The  discharge  is  renewed  again  as  soon  as  the 
tubes  are  removed.  On  one  o<'casion,  when  the  large  tube  was  in  a 
peculiarly  sensitive  state,  I  was  able  to  see  distinctly  the  diminution 
produced  by  a  dielectric  in  the  electro-motive  intensity  parallel  to  its 
surface.  The  discharge  stopped  as  soon  as  a  stick  of  sulphur  or  a 
glass  rod  suflSciently  large  almost  to  fill  the  opening  was  inserted,  and 
was  renewed  again  as  soon  as  these  were  withdrawn.  It  requires  how- 
ever the  large  tube  to  be  in  an  extremely  sensitive  state  for  the  effect 
produced  by  a  dielectric  to  be  apparent,  and  I  have  only  on  one  occa- 
sion succeeded  in  getting  the  tube  into  this  condition.  The  effect  on 
that  occasion  however  was  so  definite  and  regular  that  I  have  no 
doubt  as  to  the  existence  of  the  screening  effect  due  to  the  dielectric. 

When  the  tube  is  of  average  sensitiveness  dielectrics  do  not  pro- 
duce any  appreciable  effect,  nor  can  the  influence  of  even  comparatively 
80  good  a  conductor  as  distilled  water  be  detected,  and  it  is  not  until 
after  the  addition  of  a  considerable  quantity,  10  to  20  per  cent  of  sul- 
phuric acid  or  ammonium  chloride  that  the  insertion  or  withdrawal  of 
the  tube  stops  or  starts  the  discharge. 

A  tube  containing  air  at  a  low  pressure  is  very  efficacious  in  stopping 
the  discharge,  and  the  result  of  the  comparison  of  the  relative  effects 
of  an  exhausted  tube  and  a  tube  of  the  same  size  and  shape  contain- 

■ 

log  a  solution  of  an  electrolyte  are  very  remarkable.  I  found  that  an 
exhausted  tube  which  contained  air  at  a  very  low  pressure  (less  than 
iV  of  a  millimetre)  produced  as  much  effect  on  the  discharge  in  the 
'>uter  tube  as  a  tube  containing  at  least  50,000  times  as  many  mole- 
cules of  ammonium  chloride.  This  would  be  expressed  in  the  language 
of  electrolysis  by  saying  that  under  the  electro-motive  intensity  to 
^hich  it  was  exposed  in  this  experiment  the  molecular  conductivity  of 
tlie  gas  is  50,000  times  that  of  the  electrolyte.  The  proportion  between 
the  number  of  air  molecules  and  the  number  of  molecules  of  an  elec- 
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trolyte,  which  produces  an  equal  eflfect  in  stopping  the  discharge, 
depends  upon  the  length  of  spark  in  the  primary  current,  and  so  upoc 
the  electro-motive  force  acting  upon  the  air.  The  longer  the  spark  tli( 
greater  is  the  molecular  conductivity  of  the  air  in  comparison  with  tha 
of  the  electrolyte.  This  indicates  that  the  conduction  through  the  ai 
does  not  follow  Ohm's  law.  This  is  what  we  should  expect,  as  nnde 
large  electro-motive  forces  more  mole^iules  are  split  up  and  take  part  i 
the  conduction  of  the  electricity.  This  great  conductivity  of  rarefie 
gases  in  those  cases  where  the  electricity  has  not  to  pass  from  meta 
etc.,  into  the  gas  are  in  striking  contrast  with  the  infinitesimally  sma 
values  for  the  same  property  which  are  deduced  from  experiments  c 
tubes  with  electrodes. 

I  was  first  led  to  suspect  this  high  conductivity  for  rarefied  gases  I 
observing  the  appearance  presented  by  the  ring-discharge  in  bulb 
the  ring,  unless  the  pressure  is  exceedingly  low,  ceases  at  a  distaoi* 
of  little  more  than  1  centim  from  the  surface  of  the  bulb,  this  thic 
ness  of  conducting  gas  being  sufficient  to  screen  ott*  the  electromoti 
intensity  from  the  interior.  From  experiments  w  hich  I  had  made  < 
the  screening  effect  of  electrolytes  (Proc.  Roy.  iSoc.  XL  v.  p.  269),  I  km 
that  it  would  require  a  very  strong  solution  of  an  electrolyte  to  produ 
screening  comparable  with  this.  To  compare  the  screening  effe( 
more  directly  than  by  the  method  just  described  I  tried  the  foUowii 
experiment.  The  discharge-tube,  Fig.  11,  was  pumped  until  the  d 
charge  passed  through  it  very  freely;  an  exhausted  tube  was  th 
pushed  down  the  central  opening,  it  remained  quite  free  from  any  vi 
ble  discharge;  the  primary  was  now  wound  round  a  cylinder  of  t 
same  diameter  as  the  discharge-tube  of  Fig.  11,  and  this  cylinder  ^ 
filled  with  distilled  water.  When  the  tube,  which  had  previouj 
remained  dark  when  placed  in  the  exhausted  discharge-tube,  was  i 
mersed  in  the  water,  a  brilliant  discharge  took  place  in  it;  and  it  i\ 
necessary  to  add  about  25  per  cent  of  sulphuric  acid  to  the  water  belli 
the  shielding  effect  of  the  mixture  was  sufficient  to  keep  the  tube  dai 
This  experiment  shows  perhaps  even  more  directly  than  the  other  t 
great  conductivity  of  a  rarefied  gas  under  large  electro-motive  fon 
when  nothing  but  the  gas  is  in  the  way  of  the  passage  of  the  current 

An  experiment  made  in  this  connection  illustrates  the  remark  ma 
before  as  to  the  large  effects  produced  by  discharges  through  theg 
which  are  not  accompanied  by  luminosity.  A  bulb  A  was  fused  int< 
tube  B  which  was  surrounded  by  the  primary  coil  C,  D,  B  was  < 
hausted  and  then  sealed  off",  while  A  was  left  oonnected  to  the  pun 
When  A  was  at  atmospheric  pressure  a  bright  discharge  took  place 
B  outside  A;  on  pumping  A  a  stage  was  reached  in  which  no  discbar 
could  be  seen  in  either  A  or  B.  On  letting  air  into  A  the  discbar 
appeared  again  in  B;  on  pumping  A  still  further  a  discharge  appear 
in  A,  bnt  not  in  B.  The  appearance  i^resented  by  the  discharge  rou 
the  bulb  A  (filled  in  this  case  with  air  at  high  pressure)  is  very  remai 
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able.  At  the  highest  pressure  at  which  the  discharge  parsed  it  took 
the  form  of  a  thin  ring  round  th^  middle  of  A;  as  the  pressure  got 
lower  and  lower  the  discharge  broadened  out,  and  at  very  low  pressures 
formed  for  the  greater  part  of  its  course  two  separate  rings  which  ran 
together  in  the  space  between  one  side  of  the  sphere  and  the  tube. 


Fir..  13. 


On  the  effect  produced  by  conductors  near  the  discharge  tube, — The 
inteusity  of  the  discharge  is  very  much  afiected  by  the  presence  of  con- 
ductors in  the  neighborhood  of  the  discharge  tube,  especially  conductors 
wbich  have  large  capacity  or  which  are  connected  to  earth.  Let  us 
take,  for  example,  a  very  simple  case,  that  of  a  bulb  surrounded  by  a 
primary  which  is  connected  to  earth;  in  this  case  the  approach  of  the 
liand,  or  any  conductor  connected  to  earth,  will  make  the  discharge 
brighter  and  at  the  same  time  less  well-defined  at  the  edges;  touching 
the  tube,  though  this  is  already  connected  to  earth,  produces  a  very 
marked  effect  in  increasing  the  facility  of  the  discharge.  We  can,  I 
think,  understand  the  reason  of  this  if  we  consider  the  behavior  of  the 
tubes  of  electrostatic  induction.  When  the  spark  passes,  these  tubes 
(see  Pig.  2,  p.  234)  rush  out  from  the  jars  and  make  for  the  primary;  in 
their  journey  to  the  primary  they  pass  through  the  bulb  and  produce  the 
discharge.  Let  us  suppose  now  that  there  is  a  large  conductor  situated 
fionaewhere  near  the  bulb;  the  tubes,  as  before,  rush  from  the  jar  to  the 
primary,  but  in  doing  so  some  of  them  strike  against  the  conductor; 
the  tubes  which  do  so  lose  the  portion  inside  the  conductor,  a-cquire 
two  ends  each  on  the  surface  of  the  conductor,  and  swing  round  until 
t"^y  are  at  right  angles  to  its  surface;  they  remain  momentarily 
anchored,  as  it  were,  to  the  conductor,  and  if  the  conductor  is  in  the 
^^J'ghborhood  of  the  bulb,  they  will  in  general  help  to  increase  the 
^ximum  density  of  the  tubes  passing  through  the  bulb.  Though 
tbese  tubes  may  not  approximate  to  closed  curves,  and  so  directly  pro- 
duce a  ring  discharge,  they  may  readily  facilitate  this  discharge  indi- 
^lly;  for  even  those  tubes  which  go  radially  through  the  bulb  may 
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produce  a  glow  discharge  from  the  glass  into  the  bulb,  aud  may  tlius 
furnish  a  supply  of  dissociated  molecules  through  which  the  ordinary  ring 
discharge  can  pass  with  much  greater  readiness.  For  nothing  is  mow 
striking  than  the  enormous  diflference  produced  in  the  electric  strengtii 
of  these  rarefied  gases  by  the  passage  of  a  spark.  It  is  sometime** 
difficult  to  get  the  discharge  to  pass  at  first,  but  when  once  a  spark  ha^ 
passed  through  the  gas,  a  spark  length  one-quarter  the  length  of  tha 
necessary  to  originate  the  discharge  will  be  found  sufficient  to  mail 
tain  it. 

It  is  sometimes  convenient,  in  cases  where  difficulty  is  found  in  starl 
ing  the  discharge,  to  avail  ourselves  of  this  property  by  connecting  th 
mercury  of  the  pump  to  which  the  tube  is  attached  with  one  termini 
of  an  induction  coil,  the  other  terminal  of  which  is  put  to  earth.  Whe 
the  induction  coil  is  in  a<;tion,  a  glow-discharge  fills  the  pump  and  tub< 
and  while  this  glow  exists  the  electrodeless  discharge  can  easily  I 
started;  once  having  been  started,  it  will  continue  after  the  inductioi 
coil  is  stoi)ped.  An  experiment  of  this  kind,  which  I  had  occasion  t 
make,  gave  very  clear  evidence  of  the  way  in  which  dissociated  mob 
cules  are  i)rojected  in  all  directions  from  the  negative  electrode  in  a 
ordinary  discharge  tube,  but  not  from  the  positive.  The  discharge  tut 
was  fused  onto  the  pump,  and  at  an  elbow  two  terminals,  c  and  d,  Fi| 
14,  were  fused  into  the  glass;  these  terminals  were  connected  with  a 

induction  coil,  and  the  pressure  in  the  tut 
was  such  that  the  electrodeless  discharg 
would  not  start  of  itself.  When  the  coil  wa 
turned  on  so  that  c  was  the  negative  electroc 
the  electrodeless  discharge  in  the  tube  j 
once  took  place,  but  no  effect  at  all  was  pr 
duced  when  c  was  positive  and  d  negativ 
We  may  thus  regard  the  effect  produced  t 
the  presen(*e  of  a  conductor  as  due  to  tl 
conductor  catching  the  tubes  of  electrostat 
induction  and  concentrating  them  on^  tl 
Q discharge  tubes;  these  tubes  in  many  casi 
acting  indirectly  by  producing  a  glow  di 
charge  through  the  tube,  which,  by  dimiuisl 
ing  the  electric  strength  of  the  gas,  mak( 
dischargesof  any  other  kind  very  much  easie 
Though  the  presence  of  a  conductor  near  tl 
discharge  tube  will,  in  general,  concentrate  the  tubes  of  electrostati 
induction  on  the  discharge  tube  more  than  would  otherwise  be  thecuist 
yet  this  does  not  always  happen.  When  in  some  iX)sitions  the  cx)ndnc 
tor  may  hold  back  for  a  time  from  the  discharge  tube  tubes  of  electw 
static  induction  which  would  otherwise  pass  through  it,  and  the 
diminish  the  maximum  density  of  the  tub(\s  of  electrostatic  inductic^ 
in  the  discharge  tube,  and  hence  tend  to  stop  the  discharge.    I  ba^ 
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frequently  met  with  cases  where  the  presence  of  a  conductor  diminishes 
the  intensity  of  the  discharge.  One  of  the  most  striking  of  these  is 
when  the  two  jars  are  insulated,  and  a  square  discharge  tube  used. 
The  spark  was  adjusted  so  that  the  discharge  just,  but  only  just,  went 
round  the  tube.  A  sphere  connected  to  earth  was  then  moved  round 
the  discharge  tube;  in  some  positions  it  increased  the  brilliancy  of  the 
discharge,  and  the  tube  became  quite  bright,  while  in  other  positions 
it  stopped  the  discharge  altogether. 

The  observation  of  the  behavior  of  the  discharges  through  these 
tubes  is  a  very  convenient  method  of  studying  the  eftect  of  conductors 
in  deflecting  the  flow  of  the  tubes  of  electrostatic  induction  which  fall 
upon  them;  for  the  appearance  of  the  discharge  is  affected  not  merely 
by  the  average,  but  also  by  the  maximum  value  of  the  electro-motive 
intensity  which  produces  it.  Thus  a  high  maximum  value,  lasting  only 
for  a  short  time,  might  produce  a  discharge,  while  a  more  equable  dis- 
tribution of  electro- motive  intensity  having  the  same  average  value 
might  leave  the  tube  quite  dark. 

1  have  employed  these  discharges  to  study  the  behavior  of  bodies 
under  the  action  of  very  rapid  electrical  oscillations  in  the  following 
way:  In  the  primary  circuit  connecting  the  outside  coatings  of  the  jar 
two  loops,  A  and  B  (Fig.  15),  were  made,  in  one  of 
which.  A,  an  exhausted  bulb  was  placed,  the  spark- 
length  and  the  pressure  of  the  gas  on  it  being  ad- 
justed until  the  discharge  was  sensitive,  i.  e.,  until 
a  small  alteration  in  the  electro-motive  intensity 
acting  on  the  bulb  produced  a  considerable  eflfect 
npon  the  appearance  presented  by  the  discharge.        \-'ri  oya 

The  substance  whose  behavior  under  rapid  elec-  \^  V^ 

trical  vibrations  was  to  be  examined  was  placed  in  j^T^,  j., 

*he  loop  B.  The  results  got  at  first  were  very  per- 
plexing, and  at  first  sight  contradictory,  and  it  was  some  time  before  I 
^nldsee  their  explanation.  The  following  are  some  of  these  results: 
^hen  a  highly  exhausted  bulb  was  placed  in  B  a  brilliant  discharge 
P3«sed  through  it,  while  the  discharge  in  A  stopped.  A  bulb  of  the 
^*me  size,  filled  with  a  dilute  solution  of  electrolyte,  produced  no  appre- 
ciable eftect;  when  tilled  with  a  strong  solution  it  dimmed  the  discharge 
1^  A,  but  not  to  the  same  extent  as  the  exhausted  bulb.  A  piece  of 
"^^51,88  rod  or  tube  increased  the  brightness  of  the  discharge  in  A;  on 
^^^  other  hand,  a  similar  piece  of  iron  rod  or  tube  stop])ed  the  dis- 
chajge  in  A  at  once.  The  most  decided  effect,  however,  was  produced 
"y  asmaU  crucible  made  of  plumbago  and  clay;  this,  when  x)ut  in  the 
'<H>p  B,  stepped  the  dischargee  in  A  completely.  I  found  however  that 
^y  considering  the  work  si)ent  <m  the  substance  placed  in  B,  the  pre 
^'^^ing  results  could  be  explained.  When  a  large  amount  of  work  is 
*Pent  in  B,  the  discharge  in  A  will  be  dimmed,  while  no  appreciable 
effect  will  be  produced  on  A  when  the  work  spent  in  B  is  small.    Now 
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let  us  consider  the  work  done  in  a  secondary  circuit  whose  resistance  is 
R,  whose  coefficient  of  self-indnction  is  L,  and  which  has  a  coefficient 
of  mntual  induction,  M,  with  the  primary  circuit.  If  the  frequency  of 
the  current  circulating  in  the  xirimary  is  p,  we  can  easily  prove  thatthe 
rate  of  absorption  of  work  by  the  secondary  is  proportional  to 

RM2j>2 
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Thus  the  work  given  to  the  secondary  vanislies  when  R  =  0  and  when 
R= infinity,  and  has  a  maximum  value  when  R  =  Lp.  Thus  the  con- 
dition that  the  secondary  should  absorb  a  considerable  amount  of  W)rk 
is  that  the  resistance  should  not  differ  much  from  a  value  depending 
on  the  shape  of  the  circuit  and  the  frequency  of  the  current  in  the 
primary.  No  appreciable  amount  of  work  is  consumed  when  theresistr 
ance  is  very  much  greater  or  very  much  less  than  this  value.  I  tested 
this  result  by  placing  inside  B  a  (5oil  of  copper  wire.  When  the  ends 
were  free,  so  that  no  current  could  pass  through  it,  it  produced  nc 
effect  upon  the  bulb  in  A ;  when  the  ends  were  joined  so  that  there 
was  only  a  very  small  resistance  in  the  circuit,  the  effect  was,  if  any 
thing,  to  increase  the  brightness  of  the  discharge  in  A.  When  how 
ever  the  ends  were  connected  through  a  carbon  resistance  which  could 
be  adjusted  at  will,  the  discharge  in  A  became  very  distinctly  dnllei 
when  there  was  a  very  considerable  resistance  in  the  circuit.  This 
experiment  confirms  the  conclusion  that  to  absorb  energy  the  resist 
ance  must  lie  within  certain  limits,  and  be  neither  too  large  nor  to( 
small. 

We  can  now  see  the  cause  of  the  differences  observed  when  the  sub 
stances  mentioned  above  were  put  into  B.  The  brass  rod  and  tube 
did  not  dim  the  discharge  in  A,  because  their  resistance  was  too  low 
the  weak  solution  of  electrolyte,  because  the  resistance  was  too  great 
while  the  resistances  of  the  crucible  and  the  strong  solution  of  elec 
trolyte  which  obliterated  the  discharge  from  A  were  near  the  value  foi 
which  the  absorption  of  energy  by  the  system  was  a  maximum. 

The  case  of  iron  is  very  interesting  because  it  shows  that  even  undei 
these  very  rapidly  alternating  forces,  iron  still  retains  its  magnetic 
properties.  A  striking  illustration  of  the  difference  between  iron  anc 
other  metals  is  shown  when  we  take  an  iron  rod  and  place  it  in  B,  th( 
discharge  in  A  immediately  stops;  if  we  now  slip  a  brass  tube  over  thi 
iron  rod  the  discharge  in  A  is  at  once  restored.  If  on  the  other  hand 
we  use  a  brass  rod  and  an  iron  tube,  when  the  rod  is  put  in  B  withou' 
the  tube  the  discharge  in  A  is  bright;  if  we  slip  the  iron  tube  over  th< 
rod,  the  discharge  stops. 

To  compare  the  amount  of  heat  produced  in  the  brass  and  iron  sec 
ondaries  [calculations  are  introduced  by  which  the  author  estimate 
that]  for  iron  and  copper  cylinders  of  the  same  dimensions  it  would  b 
about  seventy  times  as  large  in  the  iron  as  in  the  copper,  assumiuj 
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that  the  iron  retains  its  magnetic  properties  under  these  very  rapidly 
alternating  forces.  The  result  explains  the  eflfect  of  the  iron  in  stop- 
ping the  discharge.  As  I  am  not  aware  that  any  magnetic  properties 
of  iron  under  such  rapidly  alternating  forces  have  been  observed,  I  was 
anxious  to  make  quite  sure  that  the  difference  between  iron  and  brass 
was  not  due  solely  to  the  differences  between  their  specific  resistances. 
The  first  experiment  I  tried  with  this  object  was  to  cover  the  iron  rod 
with  thin  sheet  platinum,  such  as  is  used  for  Grove  cells.  As  the  re- 
sistance of  platinum  is  not  very  dift'erent  from  that  of  iron,  if  the  eff'ect 
depended  merely  upon  the  resistance,  slipping  a  thin  tube  of  platinum 
over  the  iron  ought  to  make  very  little  difference.  I  found  however 
that  when  the  platinum  was  placed  over  the  iron,  all  the  peculiar  effects 
produced  by  the  latter  were  absent,  thus  showing  that  the  effect  is  not 
due  to  the  resistance  of  the  iron.  It  then  occurred  to  me  that  1  might 
test  the  same  thing  in  another  way  by  magnetizing  the  iron  to  satura- 
tion, for  in  this  state  yw  is  nearly  unity;  thus  if  the  result  depended 
mainly  on  the  magnetic  properties  of  the  iron  it  ought  to  diminish 
when  the  latter  is  strongly  magnetized.  I  accordingly  tried  an  experi- 
ment in  which  the  iron  in  the  coil  B  yras  placed  between  the  poles  of  a 
powerful  electro-magnet.  When  the  magnet  was  "off"  the  iron  almost 
stopped  the  discharge  in  A;  when  it  was  "on"  the  discharge  became 
brighter,  not  indeed  so  bright  a«  if  the  iron  were  away  altogether,  but 
still  unmistakably  brighter  than  when  it  was  unmagnetized.  This  ex- 
periment, I  think,  proves  that  iron  retains  its  magnetic  properties 
when  exposed  to  these  rapidly  alternating  forces. 

Another  result  worthy  of  remark  is  that  though  a  brass  rod  or  tube 
inserted  in  B  does  not  stop  the  discharge  in  A,  yet  if  a  piece  of  glass 
tubing  of  the  same  dimensions  is  coated  with  Dutch  metal,  or  if  it  has 
a  thin  film  of  silver  deposited  upon  it,  it  will  stop  the  discharge  very 
decidedly.  We  are  thus  led  to  the  somewhat  unexpect-ed  result  that  a 
thin  layer  of  metal  when  exposed  to  these  very  rapid  electrical  vibra- 
tions may  absorb  more  heat  than  a  thick  one.  I  find,  on  calculating 
the  heating  effect  in  slabs  of  various  thicknesses,  that  there  is  a  thick- 
ness for  which  the  heat  absorbed  is  a  maximum.     -     -     - 

The  slight  increase  in  the  brightness  of  the  discharge  in  A  when  a 
brass  rod  is  placed  in  B  is  due,  I  think,  to  the  diminution  in  the  self- 
induction  in  the  primary  circuit  produced  by  this  rod  whose  conduc- 
^^ty  is  so  good  that  it  absorbs  practically  no  heat. 

^e  will  now  return  to  the  case  of  bad  conductors,  where  na>  is  small ; 
bere  the  absorption  of  energy  is  proportional  to  the  conductivity,  and 
we  might  use  this  method  to  compare  the  conductivity  of  electrolytes 
for  very  rapidly  alternating  currents.  1  tried  a  few  experiments  of 
this  kind  and  found,  as  I  did  in  the  experiments  described  in  the  Fro- 
ceedingn  of  the  Royal  Society j  XX v,  p.  209,  that  the  ratio  of  the  conduc- 
tivities of  two  electrolytes  was  the  same  for  rapidly  alternating  as  for 
steady  currents.    I  was  anxious,  however,  to  see  whether  these  rapidly 
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alternating  currents  could  pass  with  the  same  facility  Jis  steady  ctir- 
rents  from  an  electrolite  to  a  metal.    To  try  this  two  equal  beakers  were 
filled  with  the  same  electrolyte  made  of  such  strength  that  when  in- 
serted in  B  they  put  out  the  discharge  in  A.    I  then  placed  in  one 
beaker  six  ebonite  diaphragms  arranged  so  as  to  stop  the  eddy  cur- 
rents, and  a  similar  metallic  diaphragm  in  the  other.     The  ebonite 
diaphragm  made  the  beaker  in  which  it  was  placed  cease  to  have  any 
effect  upon  the  discharge  in  A.    I  could  not  detect  however  that  the 
effect  of  the  beaker  in  which  the  metal  diaphragm  was  phiced  on  the 
discharge  in  A  was  at  all  diminished  by  the  introduction  of  the  dia- 
phragm.   I  conclude  therefore  that  very  rapidly  alternating  currents 
can  pass  with  facility  from  electrolytes  to  metals  and  vice  versa.    In  this 
respect  electrolytes  differ  from  gases,  the  currents  in  which,  as  we  have 
seen,  are  stopped  by  a  metallic  diaphragm  in  the  same  way  as  they  would 
be  by  an  ebonite  one. 

It  may  be  usetul  to  observe  in  passing  that  a  somewhat  minute  divi- 
sion of  the  electrolyte  by  the  non-conducting  diaphragm  is  necessary 
to  stop  the  effect  of  the  eddy  currents;  a  division  of  the  electrolytes 
into  two  or  three  portions  seemed  to  produce  very  little  effect. 

Another  point  which  is  brought  out  by  these  experiments  is  the  great 
conductivity  of  rarified  gases  when  no  electrodes  are  used  as  compared, 
with  that  of  electrolytes.  An  exhausted  bulb  will  produce  as  much, 
effect  on  the  discharge  in  A  as  the  same  bulb  filled  with  a  solution  or 
an  electrolyte  containing  about  a  hundred  thousand  times  as  many 
molecules  of  electrolyte.  The  molecular  conductivity  of  rarified  gases> 
when  the  electro-motive  intensity  is  very  great  and  when  no  electrodes 
are  used  must  be  thus  enormously  greater  than  that  of  electrolytes. 

Bulbs  filled  with  rarified  gas  used  in  the  way  I  have  described  servo 
as  galvanometers,  by  which  we  can  estimate  roughly  the  relative  in- 
tensity of  the  current  flowing  through  the  primary  coils  which  encircle 
them.  Used  for  this  purpose  I  have  found  them  very  useful  in  some 
experiments  on  which  I  am  at  present  engaged,  on  the  distribution  af 
very  rapidly  alternating  currents  among  a  net- work  of  conductors. 
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Magnetic  induction  is  the  name  given  by  Faraday  to  the  act  of  be- 
coming magnetized,  which  certain  substances  perform  when  they  are 
placed  in  a  magnetic  field.  A  magnetic  field  is  the  region  near  a  mag- 
net, or  near  a  conductor  conveying  an  electric  current.  Throughout 
such  a  region  there  is  what  is  called  niagnetie  force,  and  when  certain 
substances  are  placed  in  the  magnetic  field  the  magnetic  force  causes 
them  to  become  magnetized  by  magnetic  induction.  An  effective  way 
of  producing  a  magnetic  field  is  to  wind  a  conducting  wire  into  a  coil, 
and  pass  a  current  through  the  wire.  Within  the  coil  we  have  a  region 
of  comparatively  strong  magnetic  force,  and  when  a  piece  of  iron  is 
placed  there  it  may  be  strongly  magnetized.  Not  all  substances  possess 
this  property.  Put  a  piece  of  wood  or  stone  or  copper  or  silver  into 
the  field,  and  nothing  noteworthy  happens;  but  put  a  piece  of  iron  or 
nickel  or  cobalt  and  at  once  you  find  that  the  piece  has  become  a  mag- 
net. These  three  metals,  with  some  of  their  alloys  and  compounds, 
«tand  out  from  all  other  substanctis  in  this  respect.  Not  only  are  they 
capable  of  magnetic  induction — of  becoming  magnets  while  exposed 
to  the  action  of  the  magnetic  field,  but  when  withdrawn  from  the  field 
they  are  found  to  retain  a  part  of  the  magnetism  they  acquired.  They 
all  show  this  i)roperty  of  retentiveness,  more  or  less.  In  some  of  them 
this  residual  magnetism  is  feebly  held,  and  may  be  shaken  out  or  oth- 
erwise removed  without  difficulty.  In  others,  notably  in  some  steels, 
it  is  very  x>ersistent,  and  the  fact  is  taken  advantage  of  in  the  manu- 
facture of  permanent  magnets,  which  are  simply  bars  of  steel,  of  proper 
quality,  which  have  been  subjected  to  the  action  of  a  strong  mag- 
netic field.  Of  all  substances,  soft  iron  is  the  most  susceptible  to  the 
^tion  of  the  field.  It  can  also  under  favorable  conditions,  retain — 
^hen  taken  out  of  the  field — a  very  large  fraction  of  the  magnetism  that 
"*s  been  induced — more  than  nine-tenths, — more  indeed  than  is  re- 
tained by  steel ;  but  its  hold  of  this  residual  magnetism  is  not  firm,  and 
^^^  that  reason  it  will  not  serve  as  a  material  for  permanent  magnets. 
%  purpose  to-night  is  to  give  some  account  of  the  molecular  process 
through  which  we  may  conceive  magnetic  induction  to  take  place,  and 
®*  the  structure  which  makes  residual  magnetism  possible. 
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When  a  piece  of  iron  or  nickel  or  cobalt  is  magnetized  by  induction, 
the  magnetic  state  i)ermeates  the  whole  piece.  It  is  not  a  superficial 
change  of  state.  Break  the  piece  into  as  many  fragmen  te  as  you  please, 
and  you  will  find  that  every  one  of  these  is  a  magnet.  In  seeking  an 
explanation  of  magnetic  quality  we  must  penetrate  the  innermost 
framework  of  the  substa-nce — we  must  go  to  the  molecules. 

Now,  in  a  molecular  theory  of  magnetism  there  are  two  iwssible 
beginnings.  We  might  suppose,  with  Poisson,  that  each  molecule 
becomes  magnetized  when  the  field  begins  to  act.  Or  we  may  adopt 
the  theory  of  Weber,  which  says  that  the  molecules  of  iron  are 
always  magnets  and  that  what  the  field  does  is  to  turn  them  so  that 
they  face  more  or  less  one  way.  According  to  this  view,  a  virgin 
piece  of  iron  shows  no  magnetic  polarity,  not  because  its  molecules  are 
not  magnets,  but  because  they  lie  so  thoroughly  **  higgledy-piggledy"  as 
regards  direction  that  no  greater  number  point  one  way  than  another. 
But  when  the  magnetic  force  of  the  field  begins  to  act,  the  molecules 
turn  in  response  to  it,  and  so  a  preponderating  number  come  to  face  in 
the  direction  in  which  the  magnetic  force  is  appliexi,  the  result  of  which 
is  that  the  piece  as  a  whole  shows  magnetic  polarity.  All  the  tacts  go 
to  confirm  Weber's  view.    One  fact  in  particular  I  may  mention  at 

i 

once — it  is  almost  conclusive  in  itself.  When  the  molecular  majrnets 
are  all  turned  to  face  one  way,  the  piece  has  clearly  received  as  much 
magnetization  as  it  is  capable  of.  Accordingly,  if  Weber's  theory  be 
true,  we  must  expect  to  find  that  in  a  very  strong  magnetic  field  a  piece 
of  iron  or  other  magnetizable  metal  becomes  saturated^  so  that  it  can 
not  take  up  any  more  magnetism,  however  much  the  field  be  strength- 
ened. This  is  just  what  happens.  Experiments  were  published  a  k^ 
years  ago  which  i)ut  the  fact  of  saturation  beyond  a  doubt,  and  gave 
values  of  the  limit  to  which  the  intensity  of  magnetization  may  be 
forced. 

When  a  piece  of  iron  is  put  in  a  magnetic  field,  we  do  not  find  that 
it  becomes  saturated  unless  the  field  is  exceedingly  strong.    A  weak 
field  induces  but  little  magnetism;  and  if  the  field  be  strengthened, 
more  and  more  magnetism  is  acquired.    This  shows  that  the  molecules 
do  not  turn  with  perfect  readiness  in  response  to  the  deflecting  mag- 
netic force  of  the  field.    Their  turning  is  in  some  way  resiste<l,  and  this 
resistance  is  overcome  as  the  field  is  strengthened,  so  that  the  magnet' 
ism  of  the  piece  increases  step  by  step.     What  is  the  directing  foro^ 
which  prevents  the  molecules  from  at  once  yielding  to  the  deflectiiJ^-^ 
infiuenceof  tlie  field,  and  to  what  is  that  force  due!    And  again,  ho'^ 
comes  it  after  they  have  been  dcfiected  they  return  partially,  but  by  i-*  * 
means  wholly,  to  their  original  places  when  the  field  ceases  to  actf 

I  think  these  questions  receive  a  complete  and  satisfactory  answt 
when  we  take  account  of  the  forces  which  the  molecules  necessaril 
exert  on  one  another  in  consequence  of  the  fact  that  they  are  magnet 
We  shall  study  the  matter  by  examining  the  behavior  of  groups 
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little  magnets,  pivoted  like  compass  needles,  so  that  each  is  free  to  turn 
except  for  the  constraint  which  each  one  suffers  on  account  of  the 
presence  of  it«  neighbors. 

But  first  let  us  see  more  particularly  what  happens  when  a  piece  of 
iron  or  steel  or  nickel  or  cobalt  is  magnetized  by  means  of  a  field  the 
strength  of  which  is  gradually  augmented  fromnothing.  We  may  make 
the  experiment  by  placing  a  piece  of  iron  in  a  coil,  and  making  a  cur- 
rent flow  in  the  coil  with  gradually  increased  strength,  noting  at  each 
stage  the  relation  of  the  induced  magnetism  to  the  strength  of  the  field. 
This  relation  is  observed  to  be  by  no  means  a  simple  one:  it  may  be 
represented  by  a  curve  (Fig.  1),  and  an  inspection  of  the  curve  will 
show  that  the  process  is  divisible,  broadly,  into  three  tolerably  distinct 
stages.  In  the  first  stage  (a)  the  magnetism  isbeing  acquired  but  slowly: 
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the  molecules,  if  we  accept  Weber's  theory,  are  not  responding  readily — 
they  are  rather  hard  to  turn.  In  the  second  stage  {b)  their  resistance 
^  taraiug  has  to  a  great  extent  broken  down,  and  the  piece  is  gaining 
nagnetism  fast.  In  the  third  stage  (c)  the  rate  of  increment  of  mag- 
letism  falls  off:  we  are  there  approaching  the  condition  of  saturation, 
hough  the  process  is  still  a  good  way  from  being  completed. 

Further,  if  we  stop  at  any  point  of  the  process,  such  as  P,  and  grad- 
^ly  reduce  the  current  in  the  coil  until  there  is  no  current,  and  there- 
>re  no  magnetic  field,  we  shall  get  a  curve  like  the  dotted  line  PQj  the 
%ht  of  Q  showing  the  amount  of  the  residual  magnetism. 
If  we  make  this  experiment  at  a  point  in  the  first  stage  (a),  we  shall 
^d,  as  Lord  Kayleigh  has  shown,  little  or  no  residual  magnetism;  if 
^  make  it  at  any  point  in  the  second  stage  (&),  we  shall  find  very 
^ch  residual  magnetism;  and  if  we  make  it  at  any  point  in  the  third 
^ge  (c),  we  shall  find  only  a  little  more  residual  magnetism  than  we 
^Tdd  have  found  by  making  the  experiment  at  the  end  of  stage  b. 
at  part  of  the  turning  of  the  molecules  which  goes  on  in  stage  a  con- 
butes  nothing  to  the  residual  magnetism.  That  x)art  which  goes  on 
^tage  c  contributes  little.    But  that  part  of  the  turning  which  goes 

in  stage  b  contributes  very  much. 
H.  Mis,  114—17 
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In  some  specimens  of  magnetic  metal  we  find  a  much  sharper  separa- 
tion of  the  three  stages  than  in  others.  By  applying  strain  in  certain 
ways  it  is  possible  to  get  the  stages  very  clearly  separated.  Fig.  2,  a 
beantiful  instance  of  that,  is  taken  from  a  paper  by  Mr.  Nagaoka— one 
of  an  able  band  of  Japanese  workers  who  are  bidding  fair  to  repay  the 
debt  that  Japan  owes  for  its  learning  to  the  West.  It  shows  Low  a 
piece  of  nickel  which  is  under  the  joint  action  of  pull  and  twist  becomes 
magnetized  in  a  growing  magnetic  field.  There  the  first  stage  is  ex- 
ceptionally prolonged,  and  the  second  stage  is  extraordinarily  abrapt 
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The  bearing  of  all  this  On  the  molecular  theory  will  be  evident  when 
we  turn  to  these  models,  consisting  of  an  assemblage  of  little  pivoted 
magnets,  which  may  be  taken  to  represent,  no  doubt  in  a  very  crude 
way,  the  molecular  structure  of  a  magnetizable  metal.  I  have  here 
some  large  models,  where  the  pivoted  magnets  are  pieces  of  sheet  steel? 
some  cut  into  short  flat  bars,  others  into  diamond  shapes  with  pointed 
ends,  others  into  shapes  resembling  mushrooms  or  umbrellas,  and  i^ 
these  the  magnetic  field  is  produced  by  means  of  a  coil  of  insulated 
wire  wound  on  a  large  wooden  frame  below  the  magnets.  Some  o^ 
these  are  arranged  with  the  pivots  on  a  gridiron  or  lazy-tongs  of  jointed 
wooden  bars,  so  that  we  may  readily  distort  them,  and  vary  the  dis- 
tances of  the  pivots  from  one  another,  to  imitate  some  of  the  efiects  o^ 
strain  in  the  actual  solid.  But  to  display  the  experiments  to  a  larg^ 
audience  a  lantern  model  will  serve  best.  In  this  one  the  magnets  ar< 
got  by  taking  to  pieces  numbers  of  little  pocket  compasses.  The  pivot^a 
are  cemented  to  a  glass  plate,  through  which  the  light  parses  in  such  ^ 
way  as  to  project  the  shadows  of  the  magnets  on  the  screen.  The  ma^ 
netic  force  is  applied  by  means  of  two  coils,  one  on  either  side  of  tl»^ 
assemblage  of  magnets  and  out  of  the  way  of  the  light,  which  togeth^i 
produce  a  nearly  uniform  magnetic  field  throughout  the  whole  groap* 
You  see  this  when  I  make  manifest  the  field  in  a  well-known  fashic^n^ 
by  dropping  iron  filings  on  the  plate. 

We  shall  first  put  a  single  pivoted  magnet  on  the  plate.  So  long  »fl 
no  field  acts  it  is  free  to  point  anyhow— there  is  no  direction  it  prefers 
to  any  otlier.    As  soon  as  I  apply  even  a  very  weak  field  it  respond^i 
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taming  at  once  into  the  exact  direction  of  the  applied  force,  for  there 
was  nothing  (beyond  a  trifling  friction  at  the  pivot)  to  prevent  it  from 
turning. 

Now  try  two  magnets.  I  have  cut  off  the  current,  so  that  there  is  at 
present  no  field,  but  you  see  at  once  that  the  pair  has,  so  to  speak,  a  will 
of  its  own.  I  may  shake  or  disturb  them  as  I  please,  but  they  insist  on 
taking  up  a  position  (Fig.  3)  with  the  north  end  of  one  as  close  as  pos- 
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sible  to  the  south  end  of  the  other.  If  disturbed  they  return  to  it;  this 
configuration  is  highly  stable.  Watch  what  happens  when  the  mag- 
netic field  acts  with  gradually  growing  strength.  At  first,  so  long  as 
the  field  is  weak  (Fig.  4),  there  is  but  little  deflection;  but  as  the  de- 
flection increases  it  is  evident  that  the  stability  is  being  lost,  the  state 
is  getting  more  and  more  critical,  until  (Fig.  5)  the  tie  that  holds  them 
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together  seems  to  break,  and  they  suddenly  turn,  with  violent  swing- 
ing, into  almost  i)erfect  alignment  with  the  magnetic  force  H.  JSow  I 
gradually  remove  the  force,  and  you  see  that  they  are  slow  to  return, 
but  a  stage  comes  when  they  swing  back,  and  a  complete  removal  of 
the  force  brings  them  into  the  condition  with  which  we  began  (Fig.  3). 
Kwe  were  to  picture  a  piece  of  ir'>n  as  formed  of  a  vast  number  of 
^ch  pairs  of  molecular  magnets,  each  pair  far  enough  from  its  neigh- 
bors to  be  practically  out  of  reach  of  their  magnetic  influence,  we 
^jght  deduce  many  of  the  observed  magnetic  properties,  but  not  all. 
^  particular,  we  should  not  be  able  to  account  for  so  much  residual 
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^^etism  as  is  actually  found.  To  get  that,  the  molecules  must  make 
^6w  connections  when  the  old  ones  are  broken ;  their  relations  are  of 
^  kind  more  complex  than  the  quasi-matrimonial  one  which  the  experi- 
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ment  exhibits.  Each  molecule  is  a  member  of  a  larger  commnnity, 
and  has  probably  many  neighbors  close  enough  to  affect  its  condnct 
We  get  a  better  idea  of  what  happens  by  considering  four  magnets 
(Fig  6).  At  first,  in  the  absence  of  deflecting  magnetic  force,  tliey 
group  themselves  in  stable  pairs — ^in  one  of  a  number  of  possible  com 
binations.  Then — as  in  the  former  case — when  magnetic  force  is  ap 
plied,  they  are  at  first  slightly  defiected,  in  a  manner  that  exactly 
tallies  with  what  I  have  called  the  stage  a  of  the  magnetizing  process. 


"*"*!<  "" 


«?■ 


Fio.  7. 


Fio.  8. 


Kext  comes  instability.  The  original  ties  break  up,  and  the  magnets 
swing  violently  round;  but  finding  a  new  possibility  of  combining 
(Fig.  7),  they  take  tx)  that.  Finally,  as  the  field  is  further  strengthened 
they  are  drawn  into  perfect  alignment  with  the  applied  magnetic  force. 
(Fig.  8). 
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We  see  the  same  three  stages  in  a  multiform  group  (Figs.  9,  % 
11).  At  first,  the  group,  if  it  is  shuffled  by  any  casual  disturbanf*? 
fM^ranges  itself  at  random  in  lines  that  give  no  resultant  polarity  (Fig* 
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.  A  weak  force  produces  no  more  than  slight  qaa^i-elastic  deflections ; 
stronger  force  breaks  up  the  old  lines,  and  forms  new  ones  more  fa- 
orably  inclined  to  the  direction  of  the  force  (Fig.  10).  A  very  strong 
irce  brings  about  saturation  (Fig.  11). 

In  an  actual  piece  of  iron  there  are  multitudes  of  groups  lying  differ- 
Btly  directed  to  begin  with — perhaps  also  different  as  regards  the 
pacing  of  their  members.  Some  enter  the  second  stage  while  others 
restiU  in  the  first,  and  so  on.  Hence,  the  curve  of  magnetization 
oes  not  consist  of  perfectly  sharp  steps,  but  has  the  rounded  outlines 
f  Fig.  1. 
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Notice,  again,  how  the  behavior  of  these  assemblages  of  elementary 
'^•gnets  agrees  with  what  I  have  said  about  residual  magnetism.  If 
^  stop  strengthening  the  field  before  the  first  stage  is  passed — before 
^^y  of  the  magnets  have  become  unstable  and  have  tumbled  round 
*^  new  places — the  small  deflection  simply  disappears,  and  there  is  no 
ssidual  effect  on  the  configuration  of  tlie  group.  But  if  we  carry  the 
^ocess  far  enough  to  have  unstable  deflections,  the  effects  of  these 
^I'sist  when  the  force  is  removed,  for  the  magnets  then  retain  the  new 
duping  into  which  they  have  fallen  (Fig.  10),  And  again,  the  quasi- 
'^tic  deflections  which  go  on  during  the  third  stage  do  not  add  to  the 
^idual  magnetism. 

Notice,  further,  what  happens  to  the  group  if  after  applying  a  magnetic 
^J'ceinone  direction  and  removing  it,  I  begin  to  apjfly  force  in  theoi)po- 
^tedirection.    At  first  there  is  little  reduction  of  the  residual  iiolarityf 
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till  a  stage  is  reached  when  instability  begins,  and  then  reversal  oocore 
with  a  rush.  We  thas  find  a  close  imitation  of  all  the  features  tha^ 
are  actually  observed  when  iron  or  any  of  the  other  magnetic  metals  is 
carried  through  a  cyclic  magnetizing  process  (Fig  12).  The  effect  of 
any  such  process  is  to  form  a  hop  in  the  curve  which  expresses  the  re- 
lation of  the  magnetism  to  the  magnetizing  force.  The  changes  of 
magnetism  always  lag  behind  the  changes  of  magnetizing  force.  This 
tendency  to  lag  behind  is  called  magnetic  hpsteresia. 


n 

A 

Fia.  12.— Cyclic  reversal  of  magnetization  in  soft  iron  (aa),  and  in  the 
same  iron  when  hardened  by  stretching  (bb). 

We  have  a  manifestation  of  hysteresis  whenever  a  magnetic  mei^ 
has  its  magnetism  changed  in  any  manner  through  changes  in  tb^ 
magnetizing  force,  unless  indeed  the  changes  are  so  minute  as  to  ^ 
confined  to  what  I  have  called  the  first  stage  (a,  Fig.  1).    Resida^ 
magnetism  is  only  a  i)articular  case  of  hysteresis. 

Hysteresis  comes  in  whatever  be  the  character  or  cause  of  the  ma^ 
netic  changie,  provided  it  involves  such  deflections  on  the  part  of  tl^* 
molecules  as  make  them  become  unstable.  The  unstable  movemen'*^ 
are  not  reversible  with  respect  to  the  agent  which  produces  them;  th^ 
is  to  say,  they  are  not  simply  undone  step  by  step  as  the  agent  :^ 
removed. 

We  know,  on  quite  independent  grounds,  that  when  the  magnetise 
of  a  piece  of  iron  or  steel  is  reversed,  or  indeed  cyclically  altered  in  2k\»^l 
way,  some  work  is  spent  in  performing  the  operation — energy  is  beift  i 
given  to  the  iron  at  one  stage,  and  is  being  recovered  from  it  at  another 
but  when  the  cycle  is  taken  as  a  whole  there  is  a  net  loss,  or  rather  ^ 
waste  of  energy.    It  may  be  shown  that  this  waste  is  proportional  i^ 


! 
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the  area  of  the  loop  iu  our  diagrams.  This  energy  is  dissipated;  that 
is  to  say,  it  is  scattered  and  rendered  useless ;  it  takes  the  form  of  heat. 
The  iron  core  of  a  transformer,  for  instance,  which  is  having  its  mag- 
netism reversed  with  every  pulsation  of  the  alternating  current,  tends 
to  become  hot  for  this  very  reason;  indeed,  the  loss  of  energy  which 
happens  in  it,  in  consequence  of  magnetic  hysteresis,  is  a  serious  draw- 
back to  the  efficiency  of  alternating-current  systems  of  distributing 
electricity.  It  is  the  chief  reason  why  they  require  much  more  coal  to 
be  burnt,  for  every  unit  of  electricity  sold,  than  direct-current  systems 
require. 

The  molecular  theory  shows  how  this  waste  of  energy  occurs.  Wlien 
the  molecule  becomes  unstable  and  tumbles  violently  over,  it  oscillates 
and  sets  its  neighbors  oscillating,  until  the  oscillations  are  damped 
out  by  the  eddy  currents  of  electricity  which  they  generate  in  the  sur- 
rounding conducting  mass.  The  useful  work  that  can  be  got  from  the 
molecule  as  it  falls  over  is  less  than  the  work  that  is  done  in  replacing  it 
during  the  return  i)ortion  of  the  cycle.  This  is  a  simple  mechanical 
deduction  from  the  fact  that  the  movement  has  unstable  phases. 

1  can  not  attempt,  in  a  single  lecture,  to  do  more  than  glance  at 
several  places  where  the  molecular  theory  seems  to  throw  a  flood  of 
light  on  obscure  and  complicated  facts,  as  soon  as  we  recognize  that 
the  constraint  of  the  molecules  is  due  to  their  mutual  action  as  mag- 
nets. 

It  has  been  known  since  the  time  of  Gilbert  that  vibration  greatly 
fecilitates  the  process  of  magnectic  induction.    Let  a  piece  of  iron  be 
briskly  tapped  while  it  lies  in  the  magnetic  field,  and  it  is  found  to  take 
np  a  large  addition  to  its  induced  magnetism.    Indeed,  if  we  examine 
the  successive  stages  of  the  process  while  the  iron  is  kept  vibrating  by 
l^ing  tapped,  we  find  that  the  first  stage  (a)  has  practically  disap- 
peared, and  there  is  a  steady  and  rapid  growth  of  magnetism  almost 
from  the  very  first.    This  is  intelligible  enough.    Vibration  sets  the 
'^lecular  magnets  oscillating,  and  allows  them  to  break  their  primi- 
^ve  mutual  ties  and  to  respond  to  weak  deflecting  forces.    For  asimi- 
^  reason,  vibration  should  tend  to  reduce  the  residue  of  magnetism 
^bich  is  left  when  the  magnetizing  force  is  removed,  and  this,  too, 
^Srrees  with  the  results  of  observation, 
t^erhaps  the  most  effective  way  to  show  the  influence  of  vibration  is 

r^  apply  a  weak  magnetizing  force  first,  before  tapping.    If  the  force 

'^  ^justed  so  that  it  nearly  but  not  quite  reaches  the  limit  of  stage  (a), 
^reat  number  of  the  molecular  magnets  are,  so  to  speak,  hovering  on 

*^^  verge  of  instability,  and  when  the  piece  is  tapped  they  go  over  like 
louse  of  cards,  and  magnetism  is  acquired  with  a  rush.    Tapping 

^^"^ays  has  some  effect  of  the  same  kind,  even  though  there  has  been 

^^  special  adjustment  of  the  field. 

And  other  things  besides  vibration  will  act  in  a  similar  way,  precipi- 
^ting  the  break-up  of  molecular  groups  when  the  ties  are  already 
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alternating  currents  could  pass  with  the  same  facility  a«  steady  cur- 
rents from  an  eleetrolite  to  a  metal.  To  try  this  two  equal  beakers  were 
filled  with  the  same  electrolyte  made  of  such  strength  that  when  in- 
serted in  B  they  put  out  the  discharge  in  A.  I  then  placed  in  one 
beaker  six  ebonite  diaphragms  arranged  so  as  to  stop  the  eddy  cur- 
rents, and  a  similar  metallic  diaphragm  in  the  other.  The  ebonite 
diaphragm  made  the  beaker  in  which  it  was  placed  cease  to  have  any 
eftect  upon  the  discharge  in  A.  I  could  not  detect  however  that  the 
efitect  of  the  beaker  in  which  the  metal  diaphragm  was  phiced  on  the 
discharge  in  A  was  at  all  diminished  by  the  introduction  of  the  dia- 
phragm. I  conclude  therefore  that  very  rapidly  alternating  currents 
can  pass  with  facility  from  electrolytes  to  metals  and  vice  versa.  In  this 
respect  electrolytes  differ  from  gases,  the  currents  in  which,  as  we  have 
seen,  are  stopped  by  a  metallic  diaphragm  in  the  same  way  as  they  would 
be  by  an  ebonite  one. 

It  may  be  useful  to  observe  in  passing  that  a  somewhat  minute  divi- 
sion of  the  electrolyte  by  the  non-conducting  diaphragm  is  necessary 
to  stop  the  effect  of  the  eddy  currents;  a  division  of  the  electrolytes 
into  two  or  three  portions  seemed  to  produce  very  little  effect. 

Another  point  which  is  brought  out  by  these  experiments  is  the  great 
conductivity  of  rarifled  gases  when  no  electrodes  are  used  as  compared 
with  that  of  ele<;trolytes.  An  exhausted  bulb  will  produce  as  much 
effect  on  the  discharge  in  A  as  the  same  bulb  filled  with  a  solution  of 
an  electrolyte  containing  about  a  hundred  thousand  times  as  many 
molecules  of  electrolyte.  The  molecular  conductivity  of  rarified  gases 
when  the  electro-motive  intensity  is  very  great  and  when  no  electrodes 
are  used  must  be  thus  enormously  greater  than  that  of  electrolytes. 

Bulbs  filled  with  rarified  gas  used  in  the  way  I  have  described  serve 
as  galvanometers,  by  which  we  can  estimate  roughly  the  relative  in- 
tensity of  the  current  flowing  through  the  primary  coils  which  encircle 
them.  Used  for  this  purpose  I  have  found  them  very  useful  in  some 
experiments  on  which  I  am  at  present  engaged,  on  the  distribution  of 
very  rapidly  alternating  currents  among  a  net- work  of  conductors. 
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the  magnetism  to  the  load  (Fig.  14).  This  is  because  some  of  the  molec- 
ular groups  axe  every  time  being  broken  up  during  the  loading,  and 
reestablished  during  the  unloading,  and  that,  as  we  saw  already,  in^ 
Tolves  hysteresis.  Consequently,  too,  each  loading  and  unloading  re- 
quires the  expenditure  of  a  small  quantity  of  energy,  which  goes  to 
heat  the  metal. 
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Fio.  14.— Cydo  of  Icmding  ami  unloading. 

Moreover,  a  remarkably  interesting  conclusion  follows.  This  hys- 
*^^iSj  and  consequent  dissipation  of  energy,  will  also  happen  though 
^"erebe  no  magnetization  of  the  piece  as  a  whole;  it  depends  on  the 
'^t  that  the  molecules  are  magnets.  Accordingly,  we  should  expect 
^  find,  and  experiment  confirms  this  (see  Phil.  Trans.,  1885,  p.  614), 
ihat  if  the  wire  is  loaded  and  unloaded,  even  when  no  magnetic  field 
^t«  and  there  is  no  magnetism,  its  physical  qualities  which  are  changed 
"y  the  load  will  change  in  a  manner  involving  hysteresis.  In  partic- 
l^r,  the  length  will  be  less  for  the  same  load  during  loading  than  dur- 
^^  uuloading,  so  that  work  may  be  wasted  in  every  cycle  of  loads, 
^here  can  be  no  such  thing  as  perfect  elasticity  in  a  magnetizable 
^^tal,  unless,  indeed,  the  range  of  the  strain  is  so  very  narrow  that 
^oiie  of  the  molecules  tumble  through  unstable  states.    This  may  have 
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something  to  do  with  the  fact,  well  known  to  engineers,  that 
repetitions  of  a  straining  action,  so  slight  as  to  be  safe  enoag 
have  a  dangerous  effect  on  the  structure  of  iron  or  steel. 

Another  thing  on  which  the  theory  throws  light  is  the  pi 
of  time-lag  in  magnetization.    When  a  piece  of  iron  is  j 
steady  magnetic  field,  it  does  not  take  instantly  all  the  magr 
it  will  take  if  time  be  allowed.    There  is  a  gradual  creeping 
magnetism,  which  is  most  noticeable  when  the  field  is  weak 
the  iron  is  thick.     If  you  will  watch  the  manner  in  which 
little  magnets  breaks  up  when  a  magnetic  force  is  applied 
will  see  that  the  process  is  one  that  takes  time.    The  first  n 
yield  is  some  outlying  one  which  is  comparatively  unattacli 
may  take  the  surface  molecules  in  the  piece  of  iron  to  b< 
over,  and  then  its  neighbors,  weakened  by  the  loss  of  its  su 
low  suit,  and  gradually  the  disturbance  propagates  itself  froi 
to  molecule  throughout  the  group.    In  a  very  thin  piece  of  ii 
wire,  for  instance — there  are  so  many  surface  molecules,  in  c 
with  the  whole  number,  and  consequently  so  many  points  ' 
become  origins  of  disturbance,  that  the  breaking  up  of  the 
communities  is  too  soon  over  to  allow  much  of  this  kind  of 
be  noticed. 
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Fio.  15. — Relation  of  magnetic  inductive  capacity  to  temperature  in  bard  steel  (H 

Effects  of  temperature,  again,  may  be  interpreted  by  h 
molecular  theory.  When  iron  or  nickel  or  cobalt  is  heated 
magnetic  field,  its  susceptibility  to  magnetic  induction  is  ol 
increase,  until  a  stage  is  reached,  at  a  rather  high  tei 
when  the  magnetic  quality  vanishes  almost  suddenly  and  al 
pletely.  Fig.  15,  from  one  of  Hopkinson's  papers,  shows  w 
served  as  the  temperature  of  a  piece  of  steel  is  gradually  ra 
sudden  loss  of  magnetic  quality  occurs  when  tlie  metal  hi 
red  hot;  the  magnetic  quality  is  recovered  when  it  cools  a 
ciently  to  cease  to  glow.  Now,  as  regards  the  first  effect — tl 
of  susceptibility  with  increase  of  temperature — I  think  that 
sequence  of  two  independent  effects  of  heating.  The  struc 
panded  so  that  the  molecular  centers  lie  further  apart.  But 
dom  with  which  the  molecules  obey  the  direction  of  any  apj 
netic  force  is  increased  not  by  that  only,  but  perhaps  evei 
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their  being  thrown  into  vibration.  Wlien  the  field  is  weak,  heating 
consequently  assists  magnetization,  sometimes  very  greatly,  by  has- 
teDiiig  the  passage  from  stage  a  to  stage  b  of  the  magnetizing  process. 
And  it  is  at  least  a  conjecture  worth  consideration  whether  the  sudden 
loss  of  magnetic  quality  at  a  higher  temperature  is  not  due  to  the  vi- 
brations becoming  so  violent  as  to  set  the  molecules  spinning,  when^ 
of  coarse,  their  polarity  would  be  of  no  avail  to  produce  magnetiza- 
tion. We  know  at  all  events  that  when  the  change  from  the  magnetic 
to  tiie  non-magnetic  state  occurs,  there  is  a  profound  molecular  change, 
and  heat  is  absorbed  which  is  given  out  again  when  the  reverse  change 
takes  place.  In  cooling  from  a  red  heat,  the  iron  actually  extends  at 
the  moment  when  this  change  takes  place  (as  was  shown  by  Gore), 
and  so  much  heat  is  given  out  that  (as  Barrett  observed)  it  re-glows, 
becoming  brightly  red,  though  just  before  the  change  it  had  cooled  so 
farastobe  quite  dull.  [Experiment,  exhibiting  retraction  and  re- 
glow  in  cooling,  shown  by  means  of  a  long  iron  wire,  heated  to  redness 
by  an  electric  current.]  The  changes  which  occur  in  iron  and  steel 
about  the  temperature  of  redness  are  very  complex,  and  I  refer  to  this 
Monly  one  possible  direction  in  which  a  key  to  them  may  be  sought. 
Perhaps  the  full  explanation  belongs  as  much  to  chemistry  as  to  physics. 
An  interesting  illustration  of  the  use  of  these  models  has  reached 
me,  only  to-day,  from  New  York.  In  a  paper  just  published  in  the 
Electrical  World  (reprinted  in  the  Electrician  for  May  29,  1891),  Mr. 
Arthur  Hoopes  supports  the  theoiy  I  have  laid  before  you  by  giving 
curves  which  show  the  connection  experimentally  found  by  him 
l>ctween  the  result  polarity  of  a  group  of  little  pivoted  magnets  and 
the  strength  of  the  magnetic  field,  when  the  field  is  applied,  removed, 
reversed,  and  so  on.  I  shall  draw  these  curves  on  the  screen,  and 
^ngh  as  they  are,  in  consequence  of  the  limited  number  of  magnets, 
you  see  that  they  succeed  remarkably  well  m  reproducing  the  features 
^bicb  we  know  the  curves  for  solid  iron  to  i>os8ess. 

It  may,  perhaps,  be  fairly  claimed  that  the  models  whose  behavior 

^6  have  been  considering  have  a  wider  application  in  physics  than  to 

^^rely  elucidate  magnetic  processes.    The  molecules  of  bodies  may 

^^Ve  polarity  which  is  not  magnetic  at  all — ^jwlarity,  for  instance,  due 

^  static  electrification — ^under  which  they  group  themselves  in  stable 

'^**Uis,  so  that  energy  is  dissipated  whenever  these  are  broken  up  and 

^* Arranged.     When  we  strain  a  solid  body  beyond  its  limit  of  elasticity, 

^^  expend  work  irrecoverably  in  overcoming,  as  it  were,  internal  fric- 

^^^ti.    What  is  this  internal  friction  due  to  but  the  breaking  and 

^^ting  of  molecular  ties!    And  if  internal  friction,  why  not  also  the 

*^Wace  friction  which  causes  work  to  be  spent  when  one  body  rubs 

^l>on  another.     In  a  highly  suggestive  passage  of  one  of  his  writings,* 


*-E«cycJopa?dia  BHU,  Ninth  Ed.,  1877,  art.,  ''  Constitution  of  Bodies,"  vol.  Ti,  p. 
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Clerk  Maxwell  threw  out  the  hint  that  many  of  the  irreversible  proc- 
esses of  physics  are  due  to  the  breaking  up  and  re-constructiou  of 
molecular  groups.    The.  models  help  us  to  realize  Maxwell's  notion, 
and  in  studying  them  to-night,  I  think  we  may  claim  to  have  been 
going  a  step  or  two  forward  where  that  great  leader  pointed  the  way. 


CRYSTALLIZATION.* 


By  G.  D.  LiYEiNO,  F.  11.  S. 


re  is  something  very  fasciiiatiug  about  crystals.  It  is  not  merely 
itrinsic  beauty  of  their  forms,  their  picturesque  grouping,  and 
ay  of  light  upon  their  faces,  but  there  is  a  feeling  of  wonder  at 
)wer  of  nature,  which  causes  substances,  in  passing  from  the 
o  the  solid  state,  to  assume  regular  shapes  bounded  by  plane 
ea<rh  substance  with  its  own  set  of  forms,  and  its  faces  arranged 
haracteristic  symmetry;  some,  like  alum,  in  perfect  octahedra; 
;,  like  blue  vitriol,  in  shapes  which  are  regularly  oblique.  It  is 
Qwer  of  nature  which  is  the  subject  of  tliis  discourse.  I  hope  to 
that  crystalline  forms,  with  all  their  regularity  and  symmetry, 
le  outcome  of  the  accepted  principles  of  mechanics.  I  shall 
J  no  peculiar  force,  but  only  such  as  we  are  already  familiar  with 
er  facts  of  nature.  I  shall  call  in  only  the  same  force  that  pro- 
the  rise  of  a  liquid  in  a  capillary  tube  and  the  surface-tension  at 
mudary  of  two  substances  which  do  not  mix.  Whether  this 
be  different  from  gravity  I  need  not  stop  to  inquire,  for  any 
tive  force  which  for  small  masses,  such  as  we  suppose  the  mole- 
)f  matter  to  be,  is  only  sensible  at  insensible  distances  is  suffi- 
br  my  purpose. 

know  that  the  external  forms  of  crystals  are  intimately  connected 
lieir  Internal  structure.  This  is  betrayed  by  the  cleavages  with 
in  mica  and  seieuite  everybody  is  familiar,  and  which  extend  to 
nutest  parts,  as  is  seen  in  the  tiny  rhombs  which  form  the  dust 
ihed  cal(*ite.  It  is  better  marked  by  the  optical  properties,  single 
aible  refraction,  and  the  effects  of  crystals  on  polarized  light, 
familiar  facts  lead  up  to  the  thought  that  it  is  really  the  internal 
ire  which  determines  the  external  form.  As  a  starting-point  for 
ering  that  structure,  I  assume  that  crystalline  matter  is  made 
molecules,  and  that,  whereas  in  the  fluid  state  the  molecules 
about  amongst  themselves,  in  the  solid  state  they  have  little 
n.  They  are  always  within  the  range  of  each  other's  influence- 
)  not  change  their  relative  places.  Nevertheless,  these  mole, 
.re  in  constant  and  very  rapid  motion.  Not  only  will  they  com- 
ite  heat  to  colder  bodies  in  contact  with  them,  but  they  are 

•course  deUvered  at  tho  Royal  InHtititiou  of  Great  Britain  on  Friday,  May 
.—From  Xature,  June  18,  1891 ;  vol.  xuv,  pp,  156-160, 
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let  us  consider  the  work  done  in  a  secondary  circuit  whose  resistance  is 
R,  whose  coefficient  of  self-induction  is  L,  and  which  has  a  coefficient 
of  mutual  induction,  M,  with  the  primary  circuit.  If  the  frequency  of 
the  current  circulating  in  the  primary  is  p^  we  can  easily  prove  thatthe 
rate  of  absorption  of  work  by  the  secondary  is  [)roportional  to 

R  M  V 


Ly+R2 

Thus  the  work  given  to  the  secondary  vanishes  when  R=0  and  when 
R=:  infinity,  and  has  a  maximum  value  when  R  =  Lp.  Thus  the  con- 
dition that  the  secondary  should  absorb  a  considerable  amount  of  iw)rk 
is  that  the  resistance  should  not  dififer  much  from  a  value  depending 
on  the  shape  of  the  circuit  and  the  frequency  of  the  current  in  the 
primary.  No  appreciable  amount  of  work  is  consumed  when  the  resist- 
ance is  very  much  greater  or  very  much  less  than  this  value.  I  tested 
this  result  by  placing  inside  B  a  coil  of  copper  wire.  When  the  ends 
were  free,  so  that  no  current  could  pass  through  it,  it  produced  no 
effect  upon  the  bulb  in  A;  when  the  ends  were  joined  so  that  there 
was  only  a  very  small  resistance  in  the  circuit,  the  effect  was,  if  any- 
thing, to  increase  the  brightness  of  the  discharge  in  A.  When  how- 
ever the  ends  were  connected  through  a  carbon  resistance  which  could 
be  adjusted  at  will,  the  discharge  in  A  became  very  distinctly  duller 
when  there  was  a  very  considerable  resistance  in  the  circuit.  This 
experiment  confirms  the  conclusion  that  to  absorb  energy  the  resist- 
ance must  lie  within  certain  limits,  and  be  neither  too  large  nor  too 
small. 

We  can  now  see  the  cause  of  the  differences  observed  when  the  sub- 
stances mentioned  above  were  put  into  B.  The  brass  rod  and  tube 
did  not  dim  the  discharge  in  A,  because  their  resistance  was  too  low; 
the  weak  solution  of  electrolyte,  because  the  resistance  was  too  great; 
while  the  resistances  of  the  crucible  and  the  strong  solution  of  elec- 
trolyte which  obliterated  the  discharge  from  A  were  near  the  value  for 
which  the  absorption  of  energy  by  the  system  was  a  maximum. 

The  case  of  iron  is  very  interesting  because  it  shows  that  even  under 
these  very  rapidly  alternating  forces,  iron  still  retains  its  magnetic 
properties.  A  striking  illustration  of  the  difference  between  iron  and 
other  metals  is  shown  when  we  take  an  iron  rod  and  place  it  in  B,  the 
discharge  in  A  inunediately  stops;  if  we  now  slip  a  brass  tube  over  the 
iron  rod  the  discharge  in  A  is  at  once  restored.  If  on  the  other  hand 
we  use  a  brass  rod  and  an  iron  tube,  when  the  rod  is  put  in  B  without 
the  tube  the  discharge  in  A  is  bright;  if  we  slip  the  iron  tube  over  the 
rod,  the  discharge  stops. 

To  compare  the  amount  of  heat  produced  in  the  brass  and  iron  sec- 
ondaries [calculations  are  introduced  by  which  the  author  estimates 
that]  for  iron  and  copper  cylinders  of  the  same  dimensions  it  would  be 
about  seventy  times  as  large  in  the  iron  as  in  the  copper,  assuming 
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that  the  iron  retains  its  magnetic  properties  under  these  very  rapidly 
alternating  forces.    The  result  explains  the  effect  of  the  iron  in  stop- 
ping the  discharge.    As  I  am  not  aware  that  any  magnetic  properties 
of  iron  under  such  rapidly  alternating  forces  have  been  observed,  I  was 
anxious  to  make  quite  sure  that  the  difference  between  iron  and  brass 
was  not  due  solely  to  the  differences  between  their  specific  resistances. 
The  first  experiment  I  tried  with  this  object  was  to  cover  the  iron  rod 
with  thin  sheet  platinum,  such  as  is  used  for  Grove  cells.    As  the  re- 
sistance of  platinum  is  not  very  different  from  that  of  iron,  if  the  effect 
depended  merely  upon  the  resistance,  slipping  a  thin  tube  of  platinum 
over  the  iron  ought  to  make  very  little  difference.    I  found  however 
thftt  when  the  platinum  was  placed  over  the  iron,  all  the  peculiar  effects 
produced  by  the  latter  were  absent,  thus  showing  that  the  effect  is  not 
due  to  the  resistance  of  the  iron.    It  then  occurred  to  me  that  1  might 
tesst  the  same  thing  in  another  way  by  magnetizing  the  iron  to  satura- 
tion, for  in  this  state  //  is  nearly  unity;  thus  if  the  result  depended 
mainly  on  the  magnetic  properties  of  the  iron  it  ought  to  diminish 
^hen  the  latter  is  strongly  magnetized.    I  accordingly  tried  an  experi- 
n»^iit  in  which  the  iron  in  the  coil  B  yr^^  placed  between  the  poles  of  a 
PO^werfiil  electro-magnet.    When  the  magnet  was  "off"  the  iron  almost 
stopped  the  discharge  in  A;  when  it  was  "on"  the  discharge  became 
^**ighter,  not  indeed  so  bright  as  if  the  iron  were  away  altogether,  but 
still  unmistakably  brighter  than  when  it  was  unmagnetized.    This  ex- 
P^K-iment,  I  think,  proves  that  iron  retains  its  magnetic  properties 
^"^li^en  exposed  to  these  rapidly  alternating  forces. 

-Another  result  worthy  of  remark  is  that  though  a  brass  rod  or  tube 
itiserted  in  B  does  not  stop  the  discharge  in  A,  yet  if  a  piece  of  glass 
^^V>ing  of  the  same  dimensions  is  coated  with  Dutch  metal,  or  if  it  has 
^  tiliin  film  of  silver  deposited  upon  it,  it  will  stop  the  discharge  very 
*i^«idedly.  We  are  thus  led  to  the  somewhat  unexpected  result  that  a 
tttin  layer  of  metal  when  exx)osed  to  these  very  rapid  electrical  vibra- 
^ons  may  absorb  more  heat  than  a  thick  one.  1  find,  on  calculating 
^l^e  heating  effect  in  slabs  of  various  thicknesses,  that  there  isathick- 
^^iss  for  which  the  heat  absorbed  is  a  maximum.     -     -     - 

The  slight  increase  in  the  brightness  of  the  discharge  in  A  when  a 
^x^5iss  rod  is  placed  in  B  is  due,  1  think,  to  the  diminution  in  the  self- 
^^ciuction  in  the  primary  circuit  produced  by  this  rod  whose  conduc- 
^ixrity  is  so  good  that  it  absorbs  practically  no  heat. 

"We  will  now  return  to  the  case  of  bad  conductors,  where  na  is  small ; 
"^xe  the  absorption  of  energy  is  proportional  to  the  conductivity,  and 
^^  might  use  this  method  to  compare  the  conductivity  of  electrolytes 
for  very  rapidly  alternating  currents.  I  tried  a  few  experiments  of 
^^*  18  kind  arid  found,  as  I  did  in  the  experiments  described  in  the  Pro- 
^^^^dingH  of  the  Royal  Society ,  XLV,  p.  269,  that  the  ratio  of  the  conduc- 
tivities of  two  electrolytes  was  the  same  for  rapidly  alternating  as  for 
^t^ady  currents,    I  was  anxious,  however,  to  see  whether  tbfes^  t^\>v1X^ 
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alternatiug  currents  could  pass  with  the  same  facility  as  steady  cur- 
rents from  an  electrolite  to  a  metal.  To  try  this  two  equal  beakers  were 
filled  with  the  same  electrolyte  made  of  such  strength  that  when  in- 
serted in  B  they  put  out  the  discharge  in  A.  I  then  placed  in  one 
beaker  six  ebonite  diaphragms  arranged  so  as  to  stop  the  eddy  cur- 
rents, and  a  similar  metallic  diaphragm  in  the  other.  The  ebonite 
diaphragm  made  the  beaker  in  which  it  was  placed  cease  to  have  any 
effect  upon  the  discharge  in  A.  I  could  not  detect  however  that  the 
effect  of  the  beaker  in  which  the  metal  diaphragm  was  placed  on  the 
discharge  in  A  was  at  all  diminished  by  the  introduction  of  the  dia- 
phragm. I  conclude  therefore  that  very  rapidly  alternating  currents 
can  pass  with  facility  from  electrolytes  to  metals  and  vice  versa.  In  this 
respect  electrolytes  differ  from  gases,  the  currents  in  which,  as  we  have 
seen,  are  stopped  by  a  metallic  diaphragm  in  the  same  way  as  they  would 
be  by  an  ebonite  one. 

It  may  be  nseful  to  observe  in  passing  that  a  somewhat  minute  divi- 
sion of  the  electrolyte  by  the  non-conducting  diaphragm  is  necessary 
to  stop  the  effect  of  the  eddy  currents;  a  division  of  the  electrolytes 
into  two  or  three  portions  seemed  to  produce  very  little  effect. 

Another  point  which  is  brought  out  by  these  experiments  is  the  great 
conductivity  of  rarified  gases  when  no  electrodes  are  used  as  compared 
with  that  of  electrolytes.  An  exhausted  bulb  will  produce  as  much 
effect  on  the  discharge  in  A  as  the  same  bulb  filled  with  a  solution  of 
an  electrolyte  containing  about  a  hundred  thousand  times  as  many 
molecules  of  electrolyte.  The  molecular  conductivity  of  rarified  gases 
when  the  electro-motive  intensity  is  very  great  and  when  no  electrodes 
are  used  must  be  thus  enormously  greater  than  that  of  electrolytes. 

Bulbs  filled  with  rarified  gas  used  in  the  way  I  have  described  serve 
as  galvanometers,  by  which  we  can  estimate  roughly  the  relative  in- 
tensity of  the  current  flowing  through  the  primary  coils  which  encircle 
them.  Used  for  this  purpose  1  have  found  them  very  iiseful  in  some 
experiments  on  which  I  am  at  present  engaged,  on  the  distribution  of 
very  rapidly  alternating  currents  among  a  net-woi'k  of  conductors. 
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Magnetic  induction  is  the  name  given  by  Faraday  to  the  act  of  be- 
coming magnetized,  which  certain  substances  ^perform  when  they  are 
placed  in  a  magnetic  field.    A  magnetic  field  is  the  region  near  a  mag- 
net, or  near  a  conductor  conveying  an  electric  current.    Throughout 
such  a  region  there  is  what  is  called  magnetic  force,  and  when  certain 
^^ubstances  are  placed  in  the  magnetic  field  the  magnetic  force  causes 
tliem  to  become  magnetized  by  magnetic  induction.    An  effective  way 
of  producing  a  magnetic  field  is  to  wind  a  conducting  wire  into  a  coil, 
and  pass  a  current  through  the  wire.    Within  the  coil  we  have  a  region 
of  comparatively  strong  magnetic  force,  and  when  a  piece  of  iron  is 
placed  there  it  may  be  strongly  magnetized.    Not  all  substances  possess 
this  property.    Put  a  piece  of  wood  or  stone  or  copper  or  silver  into 
the  field,  and  nothing  noteworthy  happens;  but  put  a  piece  of  iron  or 
"ickel  or  cobalt  and  at  once  you  find  that  the  piece  has  become  a  mag- 
>^et.    These  three  metals,  with  some  of  their  alloys  and  compounds, 
>*tand  out  from  all  other  substances  in  this  respect.    Not  only  are  they 
*5apable  of  magnetic  induction — of  becoming  magnets  while  exposed 
to  the  action  of  the  magnetic  field,  but  when  withdrawn  from  the  field 
they  are  found  to  retain  a  part  of  the  magnetism  they  acquired.    They 
^11  show  this  property  of  retentiveness,  more  or  less.    In  some  of  them 
this  residual  magnetism  is  feebly  held,  and  may  be  shaken  out  or  oth- 
^i^wise  removed  without  difficulty.    In  others,  notably  in  some  steels, 
^^  is  very  persistent,  and  the  fact  is  taken  advantage  of  in  the  manu- 
^3<-ture  of  permanent  magnets,  which  are  simply  bars  of  steel,  of  proper 
^luality,  which  have  been  subjected  to  the  action  of  a  strong  mag- 
'^^tic  field.    Of  all  substances,  soft  iron  is  the  most  susceptible  to  the 
^tion  of  the  field.    It  can  also  under  favorable  conditions,  retain — 
^'hen  taken  out  of  the  field — a  very  large  fraction  of  the  magnetism  that 
^^^   been   induced — more  than  nine-tenths, — more  indeed  than  is  re- 
^^^Hed  by  steel;  but  its  hold  of  this  residual  magnetism  is  not  firm,  and 
^^  that  reason  it  will  not  serve  as  a  material  for  permanent  magnets. 
^y  purpose  to-night  is  to  give  some  account  of  the  molecular  process 
through  which  we  may  conceive  magnetic  induction  to  take  place,  and 
^^  the  structure  which  makes  residual  magnetism  possible. 


-^    Al)8tract  of  a  Friday  evening  discourse  delivered  at  tlie  Royal  Institution  on 
***y  22,  1891.     (From  Nctiure,  Oct.  15,  1891;  vol.  XLiv,  i)p.  566-572.) 
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When  a  piece  of  iron  or  nickel  or  cobalt  is  magnetized  by  induction, 
the  magnetic  state  permeates  the  whole  piece.  It  is  not  a  superficial 
change  of  state.  Break  the  piece  into  as  many  fragments  as  you  please, 
and  you  will  find  that  every  one  of  these  is  a  magnet.  In  seeking  an 
explanation  of  magnetic  quality  we  must  penetrate  the  innermost 
framework  of  the  substance — we  must  go  to  the  molecules. 

Now,  in  a  molecular  theory  of  magnetism  there  are  two  possible 
beginnings.  We  might  suppose,  with  Poisson,  that  each  molecule 
becomes  magnetized  when  the  field  begins  to  act.  Or  we  may  adopt 
the  theory  of  Weber,  which  says  that  the  molecules  of  iron  are 
always  magnets  and  that  what  the  field  does  is  to  turn  them  so  that 
they  face  more  or  less  one  way.  According  to  this  view,  a  virgin 
piece  of  iron  shows  no  magnetic  polarity,  not  because  its  molecules  are 
not  magnets,  but  because  they  lie  so  thoroughly  ^<  higgledy-piggledy"  as 
regards  direction  that  no  greater  number  point  one  way  than  another. 
But  when  the  magnetic  force  of  the  field  begins  to  act,  the  molecules 
turn  in  response  to  it,  and  so  a  preponderating  number  come  to  face  in 
the  direction  in  which  the  magnetic  force  is  applied,  the  result  of  which 
is  that  the  piece  as  a  whole  shows  magnetic  polarity.  All  the  facts  go 
to  confirm  Weber's  view.  One  fact  in  particular  I  may  mention  at 
once — it  is  almost  conclusive  in  itself.  When  the  molecular  magnets 
are  all  turned  to  face  one  way,  the  piece  has  clearly  received  as  much 
magnetization  as  it  is  capable  of.  Accordingly,  it*  Weber's  theory  be 
true,  we  must  expect  to  find  that  in  a  very  strong  magnetic  field  a  pie<*.e 
of  iron  or  other  magnetizable  metal  becomes  saturatedy  so  that  it  can 
not  take  up  any  more  magnetism,  however  much  the  field  be  strength- 
ened. This  is  just  what  happens.  Experiments  were  published  a  few 
years  ago  which  put  the  ftict  of  saturation  beyond  a  doubt,  and  gav^e 
values  of  the  limit  to  which  the  intensity  of  magnetization  may  be 
forced. 

When  a  piece  of  iron  is  put  in  a  magnetic  field,  we  do  not  find  that 
it  becomes  saturated  unless  the  field  is  exceedingly  strong.  A  weak 
field  induces  but  little  magnetism;  and  if  the  field  be  strengthened, 
more  and  more  magnetism  is  acquired.  This  shows  that  the  molecules 
do  not  turn  with  perfect  readiness  in  response  to  the  deflecting  mag- 
netic force  of  the  field.  Their  turning  is  in  some  way  resisted,  and  this 
resistance  is  overcome  as  the  field  is  strengthened,  so  that  the  magnet- 
ism of  the  piece  increases  step  by  st^p.  What  is  the  directing  force 
which  prevents  the  molecules  from  at  once  yielding  to  the  deflecting 
influence  of  the  field,  and  to  what  is  that  force  due!  And  again,  how 
comes  it  after  they  have  been  deflected  they  return  partially,  but  by  no 
means  wholly,  to  their  original  places  when  the  field  ceases  to  act? 

1  think  these  questions  receive  a  complete  and  satisfactory  answer 
when  we  take  account  of  the  forces  which  the  molecules  necessarily 
exert  on  one  another  in  consequence  of  the  fact  that  they  are  magneto. 
We  shall  study  the  matter  by  examining  the  behavior  of  groups  of 
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little  magnets,  pivoted  like  compass  needles,  so  that  each  is  free  to  turn 
except  for  the  constraint  which  each  one  suffers  on  account  of  the 
presence  of  its  neighbors. 

But  first  let  us  see  more  particularly  what  happens  when  a  piece  of 
iron  or  steel  or  nickel  or  cobalt  is  magnetized  by  means  of  a  field  the 
strength  of  which  is  gradually  augmented  from  nothing.    We  may  make 
the  experiment  by  placing  a  piece  of  iron  in  a  coil,  and  making  a  cur- 
rent flow  in  the  coil  with  gradually  increased  strength,  noting  at  each 
stage  the  relation  of  the  induced  magnetism  to  the  strength  of  the  field. 
This  relation  is  observed  to  be  by  no  means  a  simple  one :  it  may  be 
represented  by  a  curve  (Pig.  1),  and  an  inspection  of  the  curve  will 
show  that  the  process  is  divisible,  broadly,  into  three  tolerably  distinct 
stages.   In  thefirst  stage  (a)  the  magnetism  is  being  a<*quired  but  slowly: 


Fio.  1. 

the  molecules,  if  we  accept  Weber's  theory,  are  not  responding  readily — 
they  are  rather  hard  to  turn.  In  the  second  stage  (b)  their  resistance 
to  taming  has  to  a  great  extent  broken  down,  and  the  piece  is  gaining 
magnetism  fast.  In  the  third  stage  (o)  the  rate  of  increment  of  mag- 
netism falls  off:  we  are  there  approaching  the  condition  of  saturation, 
though  the  process  is  still  a  good  way  from  being  completed. 

Further,  if  we  stop  at  any  point  of  the  process,  such  as  P,  and  grad- 
ually reduce  the  current  in  the  coil  until  there  is  no  current,  and  there- 
fore no  magnetic  iield,  we  shall  get  a  curve  like  the  dotted  line  PQ,  the 
height  of  Q  showing  the  amount  of  the  residual  magnetism. 

If  we  make  this  experiment  at  a  point  in  the  first  stage  (a),  we  shall 
find,  as  Lord  Bayleigh  has  shown,  little  or  no  residual  magnetism;  if 
we  make  it  at  any  point  in  the  second  stage  (&),  we  shall  And  very 
much  residual  magnetism;  and  if  we  make  it  at  any  point  in  the  third 
stage  (c),  we  shall  find  only  a  little  more  residual  magnetism  than  we 
should  have  found  by  making  the  experiment  at  the  end  of  stage  b. 
That  part  of  the  turning  of  the  molecules  which  goes  on  in  stage  a  eon- 
tributes  nothing  to  the  residual  magnetism.  That  part  which  goes  on 
in  stage  o  contributes  little.  But  that  part  of  the  turning  which  goes 
on  in  stage  b  contributes  very  much. 
H.  Mis,JH 17 
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In  some  specimens  of  magnetic  metal  we  find  a  mnch  sharper  separa- 
tion of  the  three  stages  than  in  others.  By  applying  strain  in  certain 
ways  it  is  possible  to  get  the  stages  very  clearly  separated.  Fig.  2,  a 
beautiful  instance  of  that,  is  taken  from  a  paper  by  Mr.  Nagaoka — one 
of  an  able  band  of  Japanese  workers  who  are  bidding  fair  to  repay  the 
debt  that  Japan  owes  for  its  learning  to  the  West.  It  shows  how  a 
piece  of  nickel  which  is  under  the  joint  action  of  pull  and  twist  becomes 
magnetized  in  a  growing  magnetic  field.  There  the  first  stage  is  ex- 
ceptionaUy  prolonged,  and  the  second  stage  is  extraordinarily  abrupt 


FICJ.  2. 

The  bearing  of  all  this  On  the  molecular  theory  will  be  evident  when 
we  turn  to  these  models,  consisting  of  an  assemblage  of  little  pivoted 
magnets,  which  may  be  taken  to  represent,  no  doubt  in  a  very  crude 
way,  the  molecular  structure  of  a  magnetizable  metal.  I  have  here 
some  large  models,  where  the  pivoted  magnets  are  pieces  of  sheet  steel, 
some  cut  into  short  flat  bars,  others  into  diamond  shapes  with  pointed 
ends,  others  into  shapes  resembling  mushrooms  or  umbrellas,  and  in 
these  the  magnetic  field  is  produced  by  means  of  a  coil  of  insulated 
wire  wound  on  a  large  wooden  frame  below  the  magnets.  Some  oi 
these  are  arranged  with  the  pivots  on  a  gridiron  or  lazy-tongs  of  jointed 
wooden  bars,  so  that  we  may  readily  distort  them,  and  vary  the  dis- 
tances of  the  pivots  from  one  another,  to  imitate  some  of  the  effects  of 
strain  in  the  actual  solid.  But  to  display  the  experiments  to  a  large 
audience  a  lantern  model  will  serve  best.  In  this  one  the  magneto  are 
got  by  taking  to  pieces  numbers  of  little  pocket  compasses.  The  pivots 
are  cemented  to  a  glass  plate,  through  which  the  light  passes  in  such  a 
way  as  to  project  the  shadows  of  the  magnets  on  the  screen.  The  mag- 
netic force  is  applied  by  means  of  two  coils,  one  on  either  side  of  the 
assemblage  of  magnets  and  out  of  the  way  of  the  light,  which  together 
produce  a  nearly  uniform  magnetic  field  throughout  the  whole  group. 
You  see  this  when  I  make  manifest  the  field  in  a  well-known  fashion, 
by  dropping  iron  filings  on  the  plate. 

We  shall  first  put  a  single  pivoted  magnet  on  the  plate.  So  long  as 
no  field  acts  it  is  free  to  point  anyhow— there  is  no  direction  it  prefers 
to  any  other.    As  soon  as  I  apply  even  a  very  weak  field  it  responds, 
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taming  at  once  into  the  exact  direction  of  the  applied  force,  for  there 
was  nothing  (beyond  a  trifling  friction  at  the  pivot)  to  prevent  it  from 
turning. 

Now  try  two  magnets.  I  have  cut  off  the  current,  so  that  there  is  at 
present  no  field,  but  you  see  at  once  that  the  pair  has,  so  to  speak,  a  will 
of  its  own.  I  may  shake  or  disturb  them  as  I  please,  but  they  insist  on 
taking  up  a  position  (Fig.  3)  with  the  north  end  of  one  as  close  as  pos- 


H 


Fig.  3.  Fio.  4. 

sible  to  the  south  end  of  the  other.  If  disturbed  they  return  to  it;  this 
configuration  is  highly  stable.  Watch  what  happens  when  the  mag- 
netic field  acts  with  gradually  growing  strength.  At  first,  so  long  as 
the  field  is  weak  (Fig.  4),  there  is  but  little  deflection;  but  as  the  de- 
flection increases  it  is  evident  that  the  stability  is  being  lost,  the  state 
is  getting  more  and  more  critical,  until  (Fig.  5)  the  tie  that  holds  them 


H 

Fio.  6. 


together  seems  to  break,  and  they  suddenly  turn,  with  violent  swing- 
ing, into  almost  perfect  alignment  with  the  magnetic  force  H.    l^ow  I 
gradually  remove  the  force,  and  you  see  that  they  are  slow  to  return, 
but  a  stage  comes  when  they  swing  back,  and  a  complete  removal  of 
the  force  brings  them  into  the  condition  with  which  we  began  (Fig.  3). 
If  we  were  to  picture  a  piece  of  iron  as  formed  of  a  vast  number  of 
such  pairs  of  molecular  magnets,  each  pair  far  enough  from  its  neigh- 
bors to  be  practically  out   of  reach  of  their  magnetic  influence,  we 
might  deduce  many  of  the  observed  magnetic  properties,  but  not  all. 
In  particular,  we  should  not  be  able  to  account  for  so  much  residual 


Fio.  6. 


^^etism  as  is  actually  found.  To  get  that,  the  molecules  must  make 
^ew  connections  when  the  old  ones  are  broken;  their  relations  are  of 
a  kind  more  complex  than  the  quasi-matrimonial  one  whicli  tiiaft  ^x^tv- 


260   THE  MOLECULAR  PROCESS  IN  MAGNETIC  INDUCT 

ment  exhibits.  Each  molecule  is  a  member  of  a  larger  < 
and  has  probably  many  neighbors  close  enough  to  affect  i 
We  get  a  better  idea  of  what  happens  by  considering  foi 
(Fig  6).  At  first,  in  the  absence  of  deflecting  magnetic 
group  themselves  in  stable  pairs — ^in  one  of  a  number  of  ik) 
binations.  Then — as  in  the  former  case — when  magnetic 
plied,  they  are  at  first  slightly  deflected,  in  a  manner  tl 
tallies  with  what  I  have  called  the  stage  a  of  the  magnetizi 


H 


Fio.  7. 


FlQ.  8. 


Next  comes  instability.  The  original  ties  break  up,  and  tl 
swing  violently  round;  but  finding  a  new  possibility  of 
(Fig.  7),  they  take  to  that.  Finally,  as  the  field  is  further  sti 
they  are  drawn  into  perfect  alignment  with  the  applied  mag 
(Fig.  8). 
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We  see  the  same  three  stages  in  a  multiform  group  (1 
11).  At  first,  the  group,  if  it  is  shuffled  by  any  casual  d 
fimngeB  jtoelf  at;  random  in  lines  that  give  no  resultant  po 
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0).  A  weak  force  produces  no  more  than  slight  quafii-elastic  deflections ; 
a  8trouger  force  breaks  up  the  old  lines,  and  forms  new  ones  more  fa- 
vorably inclined  to  the  direction  of  the  force  (Fig.  10).  A  very  strong 
force  brings  about  saturation  (Fig.  11). 

In  an  actual  piece  of  iron  there  are  multitudes  of  groups  lying  differ- 
ently directed  to  begin  with — perhaps  also  different  as  regards  the 
spacing  of  their  members.  Some  enter  the  second  stage  while  others 
are  still  in  the  first,  and  so  on.  Hence,  the  curve  of  magnetization 
^oes  not  consist  of  perfectly  sharp  steps,  but  has  the  rounded  outlines 
^fFig.l. 
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Notice,  again,  how  the  behavior  of  these  assemblages  of  elementary 
^^guets  agrees  with  what  I  have  said  about  residual  magnetism.  If 
^^  stop  strengthening  the  field  before  the  first  stage  is  passed — ^before 
*^y  of  the  magnets  have  become  unstable  and  have  tumbled  round 
"'to  new  places — the  small  deflection  simply  disappears,  and  there  is  no 
^sidual  effect  on  the  configuration  of  the  group.  But  if  we  carry  the 
I^'^ocess  far  enough  to  have  unstable  deflections,  the  effects  of  these 
I^^rsist  when  the  force  is  removed,  for  the  magnets  then  retain  the  new 
^onping  into  which  they  have  fallen  (Fig.  10).  And  again,  the  quasi- 
^*^tic  deflections  which  go  on  during  the  third  stage  do  not  add  to  the 
''^^idual  magnetism. 

Notice,  further,  what  happenstothegroupif  after  applying  a  magnetic 
^"^rceinone direction  and  removingit,  I  begin  to  apply  force  in  theoppo- 
*lt«(lireetion.    At  first  there  is  little  reduction  of  the  residual  yola^v^i^^ 
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till  a  stage  is  reached  when  instability  begins,  and  then  reversal  occi 
with  a  rush.  We  thus  find  a  close  imitation  of  all  the  features  tl 
are  actually  observed  when  iron  or  any  of  the  other  magnetic  metals 
carried  through  a  cyclic  magnetizing  process  (Pig  12).  The  eflfect 
any  such  process  is  to  form  a  loop  in  the  curve  which  expresses  the 
lation  of  the  magnetism  to  the  magnetizing  force.  The  changes 
magnetism  always  lag  behind  the  changes  of  magnetizing  force.  T 
tendency  to  lag  behind  is  called  magnetic  hysteresis, 

A 
B 


'Uc  Force 


R 

A 

Fig.  12.->Cyclic  reversal  of  magnetization  in  soft  iron  (aa),  and  in  the 
same  iron  when  hardened  by  stretching  (bb). 

We  have  a  manifestation  of  hysteresis  whenever  a  magnetic  me 
has  its  magnetism  changed  in  any  manner  through  changes  in  1 
magnetizing  force,  unless  indeed  the  changes  are  so  minute  as  to 
confined  to  what  I  have  called  the  first  stage  (a,  Fig.  1).  Besidi 
magnetism  is  only  a  particular  case  of  hysteresis. 

Hysteresis  comes  in  whatever  be  the  character  or  cause  of  the  mi 
netic  changie,  provided  it  involves  such  deflections  on  the  part  of  1 
molecules  as  make  them  become  unstable.  The  unstable  movemei 
are  not  reversible  with  respect  to  the  agent  which  produces  them;  tl 
is  to  say,  they  are  not  simply  undone  step  by  step  as  the  agent 
removed. 

We  know,  on  quite  independent  grounds,  that  when  the  magneti 
of  a  piece  of  iron  or  steel  is  reversed,  or  indeed  cyclically  altered  in  a 
way,  some  work  is  spent  in  performing  the  operation — energy  is  bei 
given  to  the  iron  at  one  stage,  and  is  being  recovered  from  it  at  anoth 
but  when  the  cycle  is  taken  as  a  whole  there  is  a  net  loss,  or  rathe 
waste  of  energy.    It  may  be  shown  that  this  waste  is  proportional 
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the  area  of  the  loop  in  our  diagrams.  This  energy  is  dissipated ;  that 
is  to  say,  it  is  scattered  and  rendered  nseless ;  it  takes  the  form  of  heat. 
Tbe  iron  core  of  a  transformer,  for  instance,  which  is  having  its  mag- 
netism reversed  with  every  pulsation  of  the  alternating  current,  tends 
to  become  hot  for  this  very  reason;  indeed,  the  loss  of  energy  which 
happens  in  it,  in  consequence  of  magnetic  hysteresis,  is  a  serious  dra^^- 
back  to  the  efficiency  of  alternating-current  systems  of  distributing 
electricity.  It  is  the  chief  reason  why  they  require  much  more  coal  to 
be  burnt,  for  every  unit  of  electricity  sold,  than  direct-current  systems 
require. 

The  molecular  theory  shows  how  this  waste  of  energy  occurs.  When 
tlie  molecule  becomes  unstable  and  tumbles  violently  over,  it  oscillates 
and  sets  its  neighbors  oscillating,  until  the  oscillations  are  damped 
out  by  the  eddy  currents  of  electricity  which  they  generate  in  the  sur- 
rouDdiug  conducting  mass.  The  useful  work  that  can  be  got  from  the 
molecule  as  it  falls  over  is  less  than  the  work  that  is  done  in  replacing  it 
during  the  return  portion  of  the  cycle.  This  is  a  simple  mechanical 
deduction  irom  the  fact  that  the  movement  has  unstable  phases. 

I  can  not  attempt,  in  a  single  lecture,  to  do  more  than  glance  at 
several  places  where  the  molecular  theory  seems  to  throw  a  flood  of 
li^ht  on  obscure  and  complicated  facts,  as  soon  as  we  recognize  that 
^I^e  constraint  of  the  molecules  is  due  to  their  mutual  action  as  mag- 
nete. 

It  has  been  known  since  the  time  of  Gilbert  that  vibration  greatly 
^<iilitates  the  process  of  magnectic  induction.    Let  a  piece  of  iron  be 
"^iskly  tapped  while  it  lies  in  the  magnetic  field,  and  it  is  found  to  take 
^P  a  large  addition  to  its  induced  magnetism.    Indeed,  if  we  examine 
^^^  successive  stages  of  the  process  while  the  iron  is  kept  vibrating  by 
"^ing  tapped,  we  find  that  the  first  stage  {a)  has  practically  disap- 
peared, and  there  is  a  steady  and  rapid  growth  of  magnetism  almost 
from  the  very  first.    This  is  intelligible  enough.    Vibration  sets  the 
''Molecular  magnets  oscillating,  and  allows  them  to  break  their  primi- 
tive mutual  ties  and  to  respond  to  weak  deflecting  forces.    For  asimi- 
^  reason,  vibration  should  tend  to  reduce  the  residue  of  magnetism 
^hich  is  left  when  the  magnetizing  force  is  removed,  and  this,  too, 
^irrees  with  the  results  of  observation. 

Perhaps  the  most  effective  way  to  show  the  influence  of  vibration  is 

p*^  apply  a  weak  magnetizing  force  first,  before  tapping.    If  the  force 

'^  sicijusted  so  that  it  nearly  but  not  quite  reaches  the  limit  of  stage  (a), 

*  Rreat  number  of  the  molecular  magnets  are,  so  to  spe^ik,  hovering  on 

^^  verge  of  instability,  and  when  the  piece  is  tapped  the^^  go  over  like 

^   bouse  of  cards,  and  magnetism  is  acquired  with  a  rush.    Tapping 

^l^ays  has  some  effect  of  the  same  kind,  even  though  there  has  been 

^^  Bpecial  adjustment  of  the  field. 

-Ajid  other  things  besides  vibration  will  act  in  a  similar  way,  precipi- 
LBg  the  break-up  of  molecular  groups  when  the  ties  are  alread.^ 
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strained.  Change  of  temperature  will  sometimes  do  it,  or  the  a] 
tion  or  change  of  mechanical  strain.  Suppose,  for  instance,  tl 
apply  pull  to  an  iron  wire  while  it  hangs  in  a  weak'  magnetic  fie 
making  it  carry  a  weight.  The  first  time  that  we  put  on  the  w 
the  magnetism  of  the  wire  at  once  increases,  often  very  greatly,  i 
sequence  of  the  action  I  have  just  described  (Fig.  13).  The  mol 
have  been  on  the  verge  of  turning,  and  the  slight  strain  caused 
weight  is  enough  to  make  them  go.  Eemove  the  weight,  and  tl 
only  a  comparatively  small  change  in  the  magnetism,  for  the  g 
part  of  the  molecular  turning  that  was  done  when  the  weight  w 
on  is  not  undone  when  it  is  taken  oif.  He-apply  the  weight,  ai 
find  again  but  little  change^,  though  there  are  still  traces  of  the  1 

action  which  the  first  application  brought 
That  is  to  say,  there  are  some  groups  of  mol 
which,  though  they  were  not  broken  up  in  th 
application  of  the  weight,  yield  now,  becausi 
have  lost  the  support  they  then  obtained  from 
bors  that  have  now  entered  into  new  combins 
Indeed,  this  kind  of  action  may  often  be  trac 
ways  diminishing  in  amount,  during  several  & 
sive  applications  and  removals  of  the  load  (sc 
13),  and  it  is  only  when  the  process  of  loadii 
been  many  times  repeated  that  the  magnetic  c 
brought  about  by  loading  is  just  opposite 
magnetic  change  brought  about  by  unloading 
Whenever  indeed  we  are  observing  the  effi 
an  alteration  of  physical  condition  on  the  n 
tism  of  iron,  we  have  to  distinguish  betwe< 
primitive  eflfect,  which  is  often  very  great  i 
not  reversible,  and  the  ultimate  eflfect,  which  i 
only  after  the  molecular  structure  has  become 
what  settled  through  many  repetitions  of  th( 
ess.  Experiments  on  the  eflTects  of  temperati 
strain,  etc.,  have  long  ago  shown  this  disti 
to  be  exceedingly  important;  the  molecular  1 
makes  it  perfectly  intelligible. 

Further,  the  theory  makes  plain  another  curious  result  of  exper 
When  we  have  loaded  and  unloaded  the  iron  wire  many  times  o^ 
that  the  eflfect  is  no  longer  complicated  by  the  primitive  action  J 
just  described,  we  still  find  that  the  magnetic  changes  which 
while  the  load  is  being  put  on  are  not  simply  undone,  step  h} 
while  the  load  is  being  taken  oflf.  Let  the  whole  load  be  divide 
several  parts,  and  you  will  see  that  the  magnetism  has  two  dii 
values,  in  going  up  and  in  coming  down,  for  one  and  the  same 
mediate  value  of  the  load.  The  changes  of  magnetism  lag  behi] 
changes  of  load;  in  other  words,  there  is  hysteresis  in  the  relat 


Load 


Fig.  13.— Effects  of  load- 
ing a  8oft  iron  wire  in 
a  conatani;  field. 
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tbe magnetism  to  the  load  (Fig.  14).  This  is  because  some  of  the  molec- 
nl^r  groups  are  every  time  being  broken  up  daring  the  loading,  and 
re-established  daring  the  unloading,  and  that,  as  we  saw  already,  in^ 
volves  hysteresis.  Consequently,  too^  each  loading  and  unloading  re- 
quires the  expenditure  of  a  small  quantity  of  energy,  which  goes  to 
heat  the  metal. 
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Fia.  14.— Cydi'  of  laailing  and  unloading;. 

^loreover,  a  remarkably  interesting  conclusion  follows.  This  %«- 
^^«w,  and  consequent  dissipation  of  energy,  will  also  happen  though 
''here  be  no  magnetization  of  the  piece  as  a  whole;  it  depends  on  the 
^^t  that  the  molecules  are  magnets.  Accordingly,  we  should  expect 
^  find,  and  experiment  confirms  this  (see  Fhxl.  Trans.j  1885,  p.  614), 
^«at  if  the  wire  is  loaded  and  unloaded,  even  when  no  magnetic  field 
^ts  and  there  is  no  magnetism,  its  physical  qualities  which  are  changed 
"y  the  load  will  change  in  a  manner  involving  hysteresis.  In  partic- 
l^^r,  the  length  will  be  less  for  the  same  load  during  loading  than  dur- 
J^gr  unloading,  so  that  work  may  be  wasted  in  every  cycle  of  loads. 
"■^^©re  can  be  no  such  thing  as  perfect  elasticity  in  a  magnetizable 
'^^^tal,  unless,  indeed,  the  range  of  the  strain  is  so  very  narrow  that 
^^He  of  the  molecules  tumble  through  unstable  states.    This  may  ha^x^ 
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BomethiDg  to  do  with  the  fact,  well  known  to  engineers,  that  numerons 
repetitions  of  a  straining  action,  so  slight  as  to  be  safe  enough  in  itself, 
have  a  dangerous  effect  on  the  structure  of  iron  or  steel. 

Another  thing  on  which  the  theory  throws  light  is  the  phenomenon 
of  time-lag  in  magnetization.  When  a  piece  of  iron  is  put  into  a 
steady  magnetic  field,  it  does  not  take  instantly  all  the  magnetism  that 
it  will  take  if  time  be  allowed.  There  is  a  gradual  creeping  up  of  the 
magnetism,  which  is  most  noticeable  when  the  field  is  weak  and  when 
the  iron  is  thick.  If  you  will  watch  the  manner  in  which  a  group  of 
little  magnets  breaks  up  when  a  magnetic  force  is  applied  to  it,  you 
will  see  that  the  process  is  one  that  takes  time.  The  first  molecule  to 
yield  is  some  outlying  one  which  is  comparatively  unattached — ^as  we 
may  take  the  surface  molecules  in  the  piece  of  iron  to  be.  It  falls 
over,  and  then  its  neighbors,  weakened  by  the  loss  of  its  support,  fol- 
low suit,  and  gradually  the  disturbance  propagates  itself  from  molecule 
to  molecule  throughout  the  group.  In  a  very  thin  piece  of  iron — a  fine 
wire,  for  instance — ^there  are  so  many  surface  molecules,  in  comparison 
with  the  whole  number,  and  consequently  so  many  points  which  may 
become  origins  of  disturbance,  that  the  breaking  up  of  the  molecular 
communities  is  too  soon  over  to  allow  much  of  this  kind  of  lagging  to 
be  noticed. 
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Fio.  15. — Relation  of  magnetic  inductive  capacity  to  temperature  in  hard  steel  (Hopkinson). 

Effects  of  temperature,  again,  may  be  interpreted  by  help  of  th^ 
molecular  theory.     When  iron  or  nickel  or  cobalt  is  heated  in  a  wealc:^ 
magnetic  field,  its  susceptibility  to  magnetic  induction  is  observed  to^ 
increase,  until  a  stage  is  reached,   at  a  rather  high  temperature^ 
when  the  magnetic  quality  vanishes  almost  suddenly  and  almost  com- 
pletely.   Pig.  15,  from  one  of  Hopkinson's  papers,  shows  what  is  ob- 
served as  the  temperature  of  a  piece  of  steel  is  gradually  raised.    Th^- 
sudden  loss  of  magnetic  quality  occurs  when  tlie  metal  has  becom^^ 
red  hot;  the  magnetic  quality  is  recovered  when  it  cools  again  suffi- 
ciently to  cease  to  glow.    Now,  as  regards  the  first  effect — the  increases 
of  susceptibility  with  increase  of  temperature — ^I  think  that  is  a  con- 
sequence of  two  independent  effects  of  heating.    The  structure  is  ex- 
I)anded  so  that  the  molecular  centers  lie  further  apart.    But  the  free- 
dom with  which  the  molecules  obey  the  direction  of  any  applied  mag- 
netic force  is  increased  not  by  that  only,  but  perhaps  even  more  by 
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tbeir  being  thrown  into  vibration.    Wlien  the  field  is  weak,  heating 
eoiftsequently  assists  magnetization,  sometimes  very  greatly,  by  has- 
tening the  passage  from  stage  a  to  stage  b  of  the  magnetizing  process. 
And  it  is  at  least  a  conjecture  worth  consideration  whether  the  sudden 
loss  of  magnetic  quality  at  a  higher  temperature  is  not  due  to  the  vi- 
brations becoming  so  violent  as  to  set  the  molecules  spinning,  when^ 
of  course,  their  polarity  would  be  of  no  avail  to  produce  magnetiza- 
tion.   We  know  at  all  events  that  when  the  change  from  the  magnetic 
to  the  non-magnetic  state  occurs,  there  is  a  profound  molecular  change, 
and  heat  is  absorbed  which  is  given  out  again  when  the  reverse  change 
takes  place.    In  cooling  from  a  red  heat,  the  iron  actually  extends  at 
the  moment  when  this  change  takes  place  (as  was  shown  by  Gore), 
and  80  much  heat  is  given  out  that  (as  Barrett  observed)  it  re-glows, 
becoming  brightly  red,  though  just  before  the  change  it  had  cooled  so 
fapas  to  be  quite  dull.     [Experiment,  exhibiting  retraction  and  re- 
glow  in  cooling,  shown  by  means  of  a  long  iron  wire,  heated  to  redness 
by  an  electric  current.]    The  changes  which  occur  in  iron  and  steel 
about  the  temperature  of  redness  are  very  complex,  and  I  refer  to  this 
^  only  one  jKissible  direction  in  which  a  key  to  them  may  be  sought. 
I^erhaps  the  full  explanation  belongs  as  much  to  chemistry  as  to  physics. 
-^n  interesting  illustration  of  the  use  of  these  models  has  reached 
Die,  only  to-day,  from  New  York.    In  a  paper  just  published  in  the 
-Etectrtcai  World  (reprinted  in  the  Electrician  for  May  29, 1891),  Mr. 
Arthiir  Hoopes  supports  the  theory  I  have  laid  before  you  by  giving 
curves  which    show    the    connection    experimentally  found  by  him 
het^r^^n  the  result  polarity  of  a  group  of  little  pivoted  magnets  and 
the  strength  of  the  magnetic  field,  when  the  field  is  applied,  removed, 
reversed,  and  so  on.    I  shall  draw  these  curves  on  the  screen,  and 
w^gh  as  they  are,  in  consequence  of  the  limited  number  of  magnets, 
yoa  see  that  they  succeed  remarkably  well  m  reproducing  the  features 
▼hicli  we  know  the  curves  for  solid  iron  to  i30ssess. 

^t  may,  perhaps,  be  fairly  claimed  that  the  models  whose  behavior 
behave  been  considering  have  a  wider  application  in  physics  than  to 
merely  elucidate  magnetic  processes.  The  molecules  of  bodies  may 
bav©  polarity  which  is  not  magnetic  at  all — ix)larity,  for  instance,  due 
^  static  electrification — under  which  they  group  themselves  in  stable 
fonns,  so  that  energy  is  dissipated  whenever  these  are  broken  up  and 
re^arranged.  When  we  strain  a  solid  body  beyond  its  limit  of  elasticity, 
^^  Expend  work  irrecoverably  in  overcoming,  as  it  were,  internal  fric- 
tion. What  is  this  internal  friction  due  to  but  the  breaking  and 
^king  of  molecular  ties!  And  if  internal  friction,  why  not  also  the 
surface  friction  which  causes  work  to  be  spent  when  one  body  rubs 
^Pon  another.    In  a  highly  suggestive  passage  of  one  of  his  writings,* 

* ^ctfclopcBdia  Brit.,  Ninth  Ed.,  1877,  art.,  "  Constitution  of  Bodies,"  vol.  Ti,  p. 
813. 
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Clerk  Maxwell  threw  out  the  hint  that  maDy  of  the  irreversible  j 
esses  of  physics  are  due  to  tlie  breaking  up  aud  re-constructioi 
molecular  groups.  The  models  help  us  to  realize  Maxwell's  nol 
and  m  studying  them  to-night,  I  think  we  may  claim  to  have  1 
going  a  step  or  two  forward  where  that  great  leader  pointed  the  i 
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ere  is  sometbing  very  fascinating  about  crystals.  It  is  not  merely 
ntrinsic  beauty  of  their  forms,  their  picturesque  groui)ing,  and 
lay  of  light  upon  their  faces,  but  there  is  a  feeling  of  wonder  at 
)ower  of  nature,  which  causes  substances,  in  passing  from  the 
to  the  solid  state,  to  assume  regular  shapes  bounded  by  plane 
,  each  substance  with  its  own  set  of  forms,  and  its  faces  arranged 
characteristic  symmetry;  some,  like  alum,  in  perfect  octahedra; 
8,  like  blue  vitriol,  in  shapes  which  are  regularly  oblique.  It  is 
[K)wer  of  nature  which  is  the  subject  of  this  discourse.  I  hope  to 
that  crystalline  forms,  with  all  their  regularity  and  symmetry, 
;he  outcome  of  the  accepted  princii^les  of  mechanics.  I  shall 
:e  no  peculiar  force,  but  only  such  as  we  are  already  familiar  with 
ler  facts  of  nature.  1  shaill  call  in  only  the  same  force  that  i)ro- 
\  the  rise  of  a  liquid  in  a  capillary  tube  and  the  surface-tension  at 
)Oundary  of  two  substances  which  do  not  mix.  Whether  this 
be  different  from  gravity  I  need  not  stop  to  inquire,  for  any 
etive  force  which  for  small  masses,  such  as  we  suppose  the  mole- 
of  matter  to  be,  is  only  sensible  at  insensible  distances  is  suffi- 
for  my  purpose. 

I  know  that  the  external  forms  of  crystals  are  intimately  connected 
bheir  internal  structure.  This  is  betrayed  by  the  cleavages  with 
I  in  mica  and  selenite  everybody  is  familiar,  and  which  extend  to 
linutest  parts,  as  is  seen  in  the  tiny  rhombs  which  form  the  dust 
shed  calcite.  It  is  better  marked  by  the  optical  properties,  single 
ouble  refraction,  and  the  effects  of  crystals  on  polarized  light. 
)  familiar  facts  lead  up  to  the  thought  that  it  is  really  the  internal 
:^ure  which  determines  the  external  form.  As  a  starting-point  for 
iering  that  structure,  I  assume  that  crystalline  matter  is  made 
molecules,  and  that,  whereas  in  the  fluid  state  the  molecules 
about  amongst  themselves,  in  the  solid  state  they  have  little 
)m.  They  are  always  within  the  range  of  each  other's  influence- 
lo  not  change  their  relative  places.  Nevertheless,  these  mole, 
are  in  constant  and  very  rapid  motion.  Not  only  will  they  corn- 
sate  heat  to  colder  bodies  in  contact  with  them,  but  they  are 


iscourse  delivered  at  the  Roynl  iDHtititiou  of  Great  Britain  on  Friday^  Ma^ 
'I,— From  ^^at»re.  June  18,  1891;  vol.  xwv,  pp,  \50-W, 
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always  radiating,  which  means  producing  waves  in  the  sether  at  t1 
rate  of  many  billions  in  a  second.  We  are  sare  that  they  have  a  gre 
deal  of  energy,  and,  if  they  can  not  move  far,  they  must  have  ve 
rapid  vibratory  motions.  It  is  reasonable  to  suppose  that  the  parts 
each  molecule  swing,  backwards  and  forwards,  through,  or  aboat,  t 
center  of  mass  of  the  molecule.  The  average  distances  to  which  t 
parts  swing  will  determine  the  average  dimensions  of  the  molecii 
the  average  space  it  occupies. 

Dalton  fancied  he  had  proved  that  the  atoms  of  the  chemical  elemei 
must  be  spherical,  because  there  was  no  assignable  cause  why  tt 
should  be  longer  int)ne  dimension  than  another.  I  rather  invert 
argument.  I  see  no  reason  why  the  excursions  of  the  parts  of  a  mc 
cule  from  the  centre  of  mass  should  be  equal  in  all  directions,  a 
therefore  assume,  as  the  most  general  case,  that  these  excursions  { 
unequal  in  different  directions.  And,  since  the  movements  must 
symmetrical  with  reference  to  the  centre  of  mass  of  the  molecule,  tl 
will  in  general  be  included  within  an  ellipsoid,  of  which  the  centei 
the  centre  of  mass. 

Here  I  may  perhaps  guard  against  a  misconception.  We  chemi 
are  familiar  with  the  notion  of  complex  molecules;  and  most  of 
figure  to  ourselves  a  molecule  of  common  salt  as  consisting  of  an  at 
of  sodium  and  one  of  chlorine  held  together  by  some  sort  of  force,  i 
it  may  be  imagined  that  these  atoms  are  the  jjarts  of  the  moleci 
which  1  have  in  mind.  That  however  is  not  my  notion.  I  am  pa 
doxical  enough  to  disbelieve  altogether  in  the  existence  of  eit 
sodium  or  chlorine  in  common  salt.  Were  my  audience  a  less  phil( 
phical  one  I  could  imagine  I  heard  the  retort  from  many  a  lip :  "  W 
you  can  get  sodium  and  chlorine  out  of  it,  and  you  can  make  it  on 
sodium  and  chlorine ! ''  But  no,  you  can  not  get  either  sodium  or  chloi 
out  of  common  salt  without  first  adding  something  which  seems  to 
of  the  essence  of  the  matter.  You  can  get  neither  sodium  nor  chloi 
from  it  without  adding  energy;  nor  can  you  make  it  out  of  these  < 
ments  without  subtracting  energy.  My  point  is  that  energy  is  of 
essence  of  the  molecule.  Each  kind  of  molecule  has  its  own  moti 
and  in  this  I  think  most  physicists  will  agree  with  me.  Chemists  ^ 
agree  with  me  in  thinking  that  all  the  molecules  of  the  same  elemc 
or  compound,  are  alike  in  mass,  and  in  the  space  they  occupy  a 
given  temperature  and  pressure.  The  only  remaining  assumptioi 
make  is  that  the  form  of  the  ellipsoid — the  relative  lengths  of  its  axe 
is  on  the  average  the  same  for  all  the  molecule  sof  the  same  substai 
This  implies  that  the  distances  of  the  excursions  of  the  parts  of 
molecule  depend  on  its  constitution,  and  are,  on  the  average,  the  sa 
in  similarly  constituted  molecules  under  similar  circumstances. 

I  have  come  to  the  end  of  my  postulates.  I  hope  they  are  such 
you  will  readily  concede.  I  want  you  to  conceive  of  each  molecule 
having  its  parts  in  extremely  rapid  vibration,  so  that  it  occupies 
larger  space  than  it  would  occupy  if  its  parts  were  at  rest;  and  tl 
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the  excnrsions  of  the  parts  about  the  center  of  mass  are  on  the  average, 
at  a  given  temperature  and  pressure,  comprised  within  a  certain  ellip- 
soid; that  the  dimensions  of  this  ellipsoid  are  the  same  for  all  molecules 
of  the  same  chemical  constitution,  but  different  for  molecules  of  difler- 
eDt  kinds. 

We  have  now  to  consider  how  these  molecules  will  pack  themselves 
on  passing  from  the  fluid  state,  in  which  they  can  and  do  move  about 
amongst  themselves,  into  the  solid  state,  in  which  they  have  no  sensible 
freedom.  If  they  attract  one  another,  according  to  any  law,  and  for 
my  purpose  gravity  will  suffice,  then  the  laws  of  energy  require  that  for 
stable  equilibrium  the  potential  energy  of  a  system  shall  be  a  minimum. 
This  is  the  same,  in  the  case  we  are  considering,  as  saying  that  the 
molecules  shall  be  packed  in  such  a  way  that  the  distances  between 
their  centers  of  mass  shall  on  the  whole  be  the  least  x>ossible;  or,  that 
as  many  of  them  as  possible  shall  be  pa-cked  into  unit  space.  In  order 
to  see  how  this  packing  will  take  place,  it  will  be  easiest  to  consider 
first  the  particular  case  in  which  the  axes  of  the  ellipsoids  are  all 
equal— that  is,  when  the  ellipsoids  happen  to  be  spheres.  The  prob- 
lem is  then  reduced  to  finding  how  to  pack  the  greatest  number  of 
equal  spherical  balls  into  a  given  space.  It  is  easy  to  i  educe  this  to 
the  problem  of  finding  how  the  spheres  can  be  arranged  so  that  each 
one  shall  be  touched  by  as  many  others  as  possible.  In  this  way  the 
cornered  spaces  between  the  balls,  the  unoccupied  room,  is  reduced  to 
a  minimum.  You  can  stack  balls  so  that  each  is  touched  by  twelve 
others,  but  not  by  more.  At  first  sight  it  seems  as  if  this  might  be 
done  in  two  ways. 


FlQ.    1. 

In  the  first  place  we  may  start  with  a  square  of  balls,  as  in  Fig.  1, 
^here  each  is  touched  by  four  others.  We  may  then  place  another 
(shaded  in  the  figure)  so  as  to  rest  on  four,  and  place  four  more  in 
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adjacent  holes  to  touch  it,  as  indicated  by  the  dotted  circles.  Above 
these  four  more  may  be  placed  in  the  openings  ab  c  dj  so  as  to  touch 
it — making  twelve  in  all.  If  the  pile  be  completed,  we  shall  get  a 
four-sided  pyramid,  of  which  each  side  is  an  equilateral  triangle,  as 


Fio.  2. 


represented  in  Fig.  2.  It  will  be  seen  that,  in  these  triangular  faces,  each 
ball  (except,  of  course,  those  forming  the  edges)  is  touched  by  six  others. 
Again,  if  we  start  with  such  a  triangle,  as  in  Fig.  3,  where  each  ball 
is  touched  by  six  others,  we  can  place  one  ball — the  shaded  one— so  as 


FlQ.  3. 


to  rest  on  three  others,  and  can  then  place  six  more  round  it  and  touch- 
ing it,  as  indicated  by  the  dotted  circles.  In  three  of  the  triangular 
holes  between  the  shaded  ball  and  the  dotted  balls  touching  it  we  cau 
place  three  more,  so  ^s  to  toueU  the  shaded  ball — again  twelve  touch- 
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g  it  in  all.  If  we  complete  the  pile,  we  shall  get  the  triangalar 
rraniid  represented  by  Fig.  4,  where  each  of  the  three  sides  is  a  right- 
igled  triangle,  while  the  base  is  an  equilateral  triangle.  It  will  be 
en  that  in  the  faces  of  this  pyramid  each  ball  (except  those  outside) 
touched  by  four  others.  In  fact,  the  arrangement  in  these  faces  is 
le  same  as  in  the  base  of  the  former  pyramid ;  and  the  two  arrange- 
enta  are  really  identical  in  the  interior,  only  one  has  to  be  turned 
m  in  order  to  bring  it  into  parallelism  with  the  other.  Fig.  2  rep- 
jsents  half  a  regular  octahedron ;  Fig  4  the  corner  of  a  cube.  Ellip- 
)ids  if  they  are  all  equal  and  similiar  to  one  another  can  be  packed 
I  precisely  the  same  way,  so  that  each  is  touched  by  twelve  others, 
rovided  their  axes  are  kept  parallel  to  each  other — that  is,  if  they 
re  all  oriented  alike.  This,  then,  by  the  laws  of  energy,  will  be  the 
rrangement  which  the  molecules  will  assume  in  consequence  of  mutual 
ttraction,  in  passing  from  a  fluid  to  a  solid  state. 


Fio.  4. 

^ext,  let  us  see  how  the  packing  of  the  molecules  will  affect  the  ex- 
emal  form.  And  here  I  bring  in  the  surface  tension.  We  are  famil- 
ar  with  the  effects  of  this  force  in  the  case  of  liquids,  and  if  we  adopt 
h©  usually  received  theory  of  it,  we  must  have  a  surface  tension  at  the 
oundary  of  a  solid,  as  well  as  at  the  surface  of  a  liquid.  I  know  of 
factual  measure^  of  the  surface  tension  of  solids;  but  Quincke  has 
iven  us  the  surface  tensions  of  a  number  of  substances  at  temperatures 
^r  their  points  of  solidification,  in  dynes  i>er  lineal  centimeter,  a^ 
'Hows: 

Antimony 244 

Borax 212 

Soditim  carbonate 206 

Sodium  chloride 114 

Water 86.2 

Selenium 70. 4 

Sulphur 41.3 

Phosphorus 41. 1 

Wax 33.4 


^tinnm 

648 

►la 

983 

^c ..      . 

860 

a 

587 

fcon' 

577 

•*" J  ....  --.- .... .... 

a«i 

448 

yet 

419 

'Uiiith 

382 

tassium^ , 

364 

Uum 

253 

the  surface  tensions  of  most  of  the  solids  are  probably  greater  than 
5se,  for  the  surface  tension  generally  diminishes  with  increase  of 
Uperature;  and  you  see  that  they  amount  to  very  considerable  forces^ 
H.  Mis.  114 -18 
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We  have  to  do,  then,  with  an  agency  which  we  can  not  neglect  In  all 
these  cases  the  tension  measured  is  at  a  surface  bounded  by  air,  and  is 
such  as  tends  to  contract  the  surface.  We  have,  then,  at  the  boundary 
between  a  crystallizing  solid  and  the  fluid,  be  it  gas  or  liquid,  oat  of 
which  it  is  solidifying,  a  certain  amount  of  potential  energy;  and  by 
the  laws  of  energy  the  condition  of  equilibrium  is,  that  this  potential 
energy  shall  be  a  minimum.  The  accepted  theory  of  surface  tension  is 
that  it  arises  from  the  mutual  attraction  of  the  molecules.  The  energy 
will,  therefore,  be  a  minimum  for  a  surface  in  which  the  molecules  are 
as  closely  set  as  possible. 

Now,  if  you  draw  a  surface  through  a  heap  of  balls  packed  so  that 
each  is  touched  by  twelve  others,  you  will  find  that  the  surfaces 
which  have  the  greatest  number  of  centers  of  balls  per  unit  area  are 
all  plane  surfaces.  That  in  which  the  concentration  is  greatest  is  the 
surface  of  a  regular  octahedron,  next  come  that  of  a  cube,  then  that  of 
a  rhombic  dodecahedron,  and  so  on  according  to  the  law  of  indices  of 
crystallographers.  The  relative  numerical  values  of  these  concentra- 
tions are  as  follows,  taking  that  of  the  faces  of  the  cube  as  unity: 


Octahedron 1.1547 

Cube 1.0000 

Dodecahedron 0. 7071 


Tetrakishezahedron 0. 4472 

Eikoaitessarahedron 0. 4083 

TriakiBOctahedron 0. 3333 


We  do  know  that  the  surface  tension  is  exactly  in  the  inverse  pro- 
portion to  the  concentration ;  all  that  we  can  at  present  say  is  that  it 
increases  as  the  concentration  diminishes. 

If,  then,  the  molecules  occupy  spherical  spacer,  the  bounding  sur- 
face will  tend  to  be  a  regular  octahedron. 


But  we  have  another  point  to  consider.  If  a  solid  is  bounded  by 
plane  surfaces,  there  must  be  edges  where  the  planes  meet.  At  sucli 
an  edge  the  surface  tensions  will  have  a  resultant  (see  Fig.  5)  tending 
to  compress  the  mass,  which  must  be  met  by  a  corresponding  opposite 
pressure,  and  unless  there  is  some  internal  strain  there  must  be  a  cor- 
respondent resultant  of  the  tensions  on  the  opposite  side  of  the  crystal' 
Hence,  if  one  face  of  a  form  is  developed  the  opx)Osite  face  will  also  be 
developed^  and  generally,  if  one  face  of  a  form  be  developed  all  tbe 
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aces  will  be  developed;  and  if  one  edge,  or  angle,  be  truncated,  all  the 
orrespoiuling  edges,  or  angles,  will  be  truncated.  Were  it  otherwise, 
here  would  not  be  a  balance  between  the  surface  tensions  in  the  sev- 
ral  faces.  But  there  is  another  point  to  be  taken  into  account.  The 
arface  eneigy  may  become  less  in  two  ways — either  by  reducing  the 
ension  per  unit  surface,  or  by  reducing  the  total  surface.  When  a 
quid  separates  from  another  fluid,  as  chloroform  from  a  solution  of 
hloral  hydrate  on  adding  an  alkali,  or  a  cloud  from  moist  air,  the 
iqnid  assumes  the  form  which,  for  a  given  mass,  has  the  least  surface — 
bat  is,  the  drops  are  spherical.  If  you  cut  off  the  projecting  corners 
md  plane  away  the  projecting  edges  of  a  cube  or  an  octahedron,  you 
)iing  it  nearer  to  a  sphere,  and  if  you  suppose  the  volume  to  remain 
lonstant,  you  still  diminish  the  surface.  And  if  the  diminution  of  the 
otal  surface  is  not  compensated  by  the  increased  energy  on  the  trunca- 
ions,  there  will  be  a  tendency  for  the  crystals  to  grow  with  such 
nincations.  The  like  will  be  true  in  more  complicated  combinations. 
Phere  will  be  a  tendency  for  such  combinations  to  form,  provided  the 
mrface  energy  of  the  new  faces  is  not  too  great  as  compared  with  that 
)f  the  first  simple  form. 

But  it  does  not  always  happen  that  an  octahedron  of  alum  develops 
troncated  angles.  This  leads  to  another  point.  To  produce  a  surface 
in  a  continuous  mass  requires  a  supply  of  energy,  and  to  generate  a 
Jnrface  in  the  interior  of  any  fluid  is  not  easy.  Air  maybe  super-satu- 
rated with  aqueous  vapor,  or  a  solution  with  a  salt,  and  no  cloud  or 
crystals  be  formed,  unless  there  is  some  discontinuity  in  the  mass, 
Jpecks  of  dust,  or  something  of  the  kind.  In  like  manner,  if  wo  have 
i  surface  already,  as  when  a  super-saturated  solution  meets  the  air  or 
thesides  of  the  vessel  containing  it,  and  if  the  energy  of  either  of  these 
nirfaces  is  less  than  that  of  a  crystal  of  the  salt,  some  energy  will  have 
^  be  supplied  in  order  to  produce  the  new  surface,  but  not  so  much  as 
^therewere  no  surface  there  to  begin  with.  Hence,  crystals  usually 
'Orm  on  the  sides  of  the  vessel  or  at  the  top  of  the  liquid.  When  a  solid 
separates  from  a  solution  there  is  generally  some  energy  available  from 
^he  change  of  state,  which  supplies  the  energy  for  the  new  surface. 
^^t  at  first  when  the  mass  deposited  is  very  small,  the  energy 
available  will  be  correspondingly  small,  arid  since  the  mass  varies  as 
"C  cube  of  the  diameter  of  the  solid,  whereas  the  surface  varies  as 
^^  square  of  the  diameter,  the  first  separated  mass  is  liable  to  be 
'^ueezed  into  liquid  again  by  its  o\*ti  surface  tension.  This  explains 
^^  usual  phenomena  of  super- saturated  solutions.  A  deposit  occurs 
•^^t  easily  on  a  surfiiee  of  the  same  energy  as  that  of  the  deposit, 
^use  the  additional  energy  required  is  only  for  the  increased  extent 
'*  Surface.  It  explains,  too,  the  tendency  of  large  crystals  to  grow 
^<>re  rapidly  than  small  ones,  because  the  ratio  of  the  increase  of 
Wace  to  that  of  volume  diminishes  as  the  crystal  grows. 

While  speaking  of  the  difficulty  of  creating  a  new  surface  in  the  in- 
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terior  of  a  mass,  the  question  of  cleavage  suggests  itself.  In  dividing 
a  crystal  we  create  two  new  surfaces— one  on  each  piece,  and  each  with 
its  own  energy.  The  division  must  therefore  take  place  most  readily 
when  that  surface  energy  is  a  minimiuD.  Hence  the  principal  cleavage 
of  a  crystal  made  up  of  molecules  having  their  motions  comprised  within 
spherical  spaces  will  be  octahedral.  As  a  fact,  we  find  that  the  greater 
part  of  substances  which  crystallize  in  the  octahedral,  or  regular  sys- 
tem, have  octahedral  cleavage.  But  not  all;  there  are  some,  like  rock 
salt  and  galena,  which  cleave  into  cubes,  and  a  very  few,  like  blende? 
have  their  easiest  cleavage  dodecahedral.  These  I  have  to  explain.  I 
may  however  first  observe  that  some  substances — as,  for  instance, 
fluor-spar — which  have  a  very  distinct  octahedral  cleavage  are  rarely 
met  with  in  the  form  of  octahedra,  but  usually  in  cubes.  In  regard  to 
this,  we  must  remember  that  the  surface  energy  depends  upon  the 
nature  of  both  the  substances  in  cont&u^t  at  the  surface,  as  well  as  on 
their  electrical  condition,  their  temperature,  and  other  circumstances. 
The  closeness  of  the  molecules  in  the  surface  of  the  solid  determines  the 
energy,  so  far  as  the  solid  alone  is  concerned;  but  that  is  not  the  only 
— though  it  may  be  the  most  important — factor  conducing  to  the  I'esiilt 
It  is  therefore  quite  possible  that,  under  the  circumstances  in  which 
the  natural  crystals  of  fluor  were  formed,  the  surface  energy  of  the 
cubical  faces  was  less  than  that  of  the  octahedral,  although  when  we 
experiment  on  them  in  the  air,  it  is  the  other  way.  This  supposition 
is  confirmed  by  the  well-known  fact  that  the  form  assumed  by  many 
salts  in  crystallizing  is  affected  by  the  character  of  the  solution.  Thns 
alum,  which  from  a  solution  in  pure  water  always  assumes  the  octar 
hedral  form,  takes  the  cubic  form  when  the  solution  has  been  neatra- 
lized  with  potash. 

To  return  to  the  cubic  and  dodecahedral  cleavages.  If  we  suppose 
the  excursions  of  the  parts  of  the  molecule  to  be  greater  in  one  direc- 
tion than  in  the  others,  the  figure  within  which  the  molecule  is  comprised 
will  be  a  prolate  spheroid ;  if  less,  an  oblate  spheroid.  Now,  as  already 
explained,  the  spheroids  will  be  packed  as  closely  as  possible  if  the  axes 
are  all  paralled  and  each  is  touched  by  twelve  others.  Now  suppose 
the  spheroids  arranged  as  in  Fig.  6,  with  their  axes  perpendicular  to 


the  plane  of  the  figure;  place  the  next  layer  in  the  black  triaugol*' 
spaces,  and  complete  the  pyramid.    The  three  faces  of  the  pyraoud 
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vill  be  equal  isoscles  traiigies;  and  if  the  spheroids  be  oblate,  and  the 
axis  half  the  greatest  diameter,  the  three  angles  at  the  apex  of  the  pyra- 
mid will  be  right  angles.  The  crystal  will  have  cubic  symmetry,  but  the 
relative  condensation  in  the  face^  of  the  cube,  octahedron,  and  dodeca- 
hedron, will  be  as  1:0*5774:0'7071.  The  easiest  cleavage  would  there- 
fore be  cubic,  as  in  rock  salt  and  galena. 

Again,  if  the  spheroids  have  their  axes  and  greatest  diameters  in  the 
ratio  of  1  :  V^,  and  we  place  four,  as  in  Pig.  7,  with  their  axes  perpen- 


r  ic.  7. 


dicular  to  the  plane  of  the  figure,  then  place  one  upon  them  in  the 
middle,  and  then  four  more  upon  it,  in  positions  corresponding  to  those 
of  tlie  first  four,  we  get  a  cubical  arrangement,  the  center  of  a  spheroid 
in  each  angle  of  a  cube,  and  one  in  the  center  of  the  cube.  Crystals 
80  formed  will  have  cubic  symmetry,  but  the  concentration  of  molecules 
will  be  greatest  in  the  faces  of  the  dodecahedron,  and  their  easiest 
cleavage  will  be,  like  that  of  blende,  dodecahedral. 

If  spheroids  of  any  other  dimensions  be  arranged,  as  in  Figs.  1  and 
2,  with  their  axes  perpendicular  to  the  plane  of  Fig.  1,  we  shall  get  a 
ci78tal  with  the  symmetry  of  the  pyramidal  system.  If  the  spheroids 
be  prolate,  the  fundamental  octahedron  will  be  elongated  in  the  direc- 
tion of  the  axis,  and  if  sufficiently  elongated,  the  greatest  condensation 
will  be  in  planes  perpendicular  to  the  axis,  and  the  easiest  cleavage,  as 
in  prossiate  of  potash,  in  those  planes.  On  the  other  hand,  if  the 
spheroids  be  sufficiently  oblate,  the  easiest  cleavage  will  be  parallel  to 
the  axis. 

If  spheroids  be  arranged,  as  in  Fig.  G,  with  their  axes  perpendicular 
to  the  plane  of  the  figure,  they  will,  in  general,  produce  rhombohedral 
symmetry,  with  the  rhombs  acute  or  obtuse,  according  to  the  length 
or  shortness  of  the  axes  of  the  spheroids.  The  cubical  form  already 
<lescribed  is  only  a  particular  case  of  the  rhombohedral.  If  the  ratio 
between  the  axis  of  the  spheroids  and  their  greatest  diameters  be  only 
a  little  greater  or  a  little  less  than  1  :  2,  the  condensation  will  be  great- 
^^  in  the  faces  of  the  rhombohedron,  and  the  easiest  cleavage  will  be 
"»ombohedral,  as  in  calcite.  If  the  spheroids  be  prolate,  the  easiest 
cleavage  will  be  perpendicular  to  the  axis  of  symmetry,  as  in  beryl  and 
^^^Y  other  crystals.  Such  crystals  have  a  tendency  to  assume  hex- 
*&onal  forms — equiangular  six-sided  prisms  and  pyramids.  To  explain 
"'is,  it  may  be  seen  in  Fig.  6  that,  in  placing  the  next  layer  upon  the 
spheroids  represented  in  the  figure,  the  three  spheroids  which  touch  that 
^'^ked  a  may  occupy  either  the  three  adjacent  white  triangles  or  the 
^^^  black  ones.    Either  position  is  equally  probable.    The  layer  oc- 
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cupying  the  white  triangles  is  in  the  x>ositiou  of  a  twin  to  that  oceap 
ing  the  black  triangles.  So  far  as  the  central  parts  of  the  layer  a 
concerned,  it  will  make  no  difference  in  which  of  these  ways  the  mo 
cules  are  packed.  It  is  only  at  the  edges  that  the  surface  tension  ^ 
be  affected.  If  the  form  growing  be  a  rhorabohedron,  a  suci^sion 
alternating  twins  will  produce  a  series  of  alternating  ridges  and  fi 
rows  in  the  rhombohedral  faces,  which  will  give  rise  to  increased  si 
face  tension,  which  will  tend  to  prevent  the  twinning.  On  the  otl 
hand,  a  hexagonal  form  and  its  twin,  formed  in  the  way  indicated,  i 
identical,  and  we  have  in  this  fact  a  cause  tending  to  the  productiou 
hexagonal  forms.  This  tendency  is  increased  by  the  fact  that,  foi 
given  volume,  the  total  surface  of  the  hexagonal  forms  is  in  genei 
less  than  that  of  the  rhombohedral.  Indeed,  such  forms  lend  the 
selves  to  the  formation  of  almost  globular  crystals,  as  is  well  seen 
pyromorphite  and  mimetite. 

If  the  spheroids  be  arranged  with  their  axes  in  other  positions  th 
those  we  have  been  discussing,  or  if  the  molecules  occupy  ellipsoi( 
spaces,  they  will,  when  packed  so  that  each  is  touched  by  twelve  oi 
ers,  give  figures  of  less  symmetry.  The  results  may  be  worked  out 
the  lines  indicated  in  the  foregoing  discussion,  and  will  be  found 
correspond  throughout  to  the  observed  facts. 

Bravais  long  ago  proposed  various  arrangements  of  molecules 
account  for  crystalline  forms,  and  Sohncke  has  extended  them 
further  degrees  of  complication  in  order  to  account  for  additional  fa< 
in  crystallography.  But  neither  of  them  has  given  any  reason  vs 
the  molecules  should  assume  such  arrangements.  To  me  it  seems  tl 
only  one  arrangement  can  be  spontaneously  assumed  by  the  molecul 
and  that  the  varieties  of  crystalline  form  depend  on  the  dimensions 
the  ellipsoids  and  the  orientation  of  their  axes.  Curie  also  has  in 
cated  that  the  development  of  combined  forms,  as  those  of  cube  a 
octahedron,  will  depend  on  the  surface  tensions  in  the  faces  of  th( 
forms,  but  he  has  not  indicated  how  the  surface  tension  is  connect 
with  the  crystalline  arrangement,  or  why  the  energy  of  a  cubic  fs 
should  be  greater  or  less  than  that  of  an  octahedral  face. 

We  are  now  in  a  position  to  understand  the  interesting  facts  brou| 
forward  by  Prof.  Judd  in  a  discourse  delivered  at  the  Eoyal  Instituti 
early  this  year.  However  long  a  crystal  has  been  out  qf  the  soluti 
or  vapor  from  which  it  was  formed,  its  surface  tension  will  remj 
unaltered,  and  when  it  is  replaced  it  will  grow  exactly  as  if  it  had  i 
been  removed.  Also,  if  any  part  be  broken  off*  it,  the  tension  of  t 
broken  surface  will,  if  it  be  not  a  cleavage  face,  be  greater  than  oi 
face  of  the  crystal,  and  in  growing,  the  laws  of  energy  necessarily  cai 
it  to  grow  in  such  a  way  as  to  reduce  the  potential  energy — that  is, 
replace  the  broken  surface  by  the  regular  planes  of  less  surface  enerj 
The  formation  of  "negative  crystals"  by  fusing  a  portion  in  the  inter; 
of  a  crystalline  mass  is  due  to  the  same  principle.    Sar£a.ces  of  le£ 
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energy  will  be  most  easily  produced  inside  as  well  as  outside,  and  in  a 
crystalline  mass  of  course  they  will  be  parallel  to  tbe  external  faces  of 
the  crystal.  We  see  the  same  thing  in  the  action  of  solvents.  Most 
metals  assume  a  crystalline  texture  on  cooling  from  fusion,  and  when 
slowly  acted  on  by  dilute  acids  the  surfaces  of  greater  energy  are  most 
easily  attacked,  in  accordance  with  the  laws  of  energy,  and  the  undis- 
solved metal  is  left  with  surfaces  of  least  energy  which  are  the  faces  of 
crj'Stals.  This  is  easily  seen  on  treating  a  piece  of  tin  plate  or  of  gal- 
vauized  iron  with  very  dilute  aqua  regia.  In  fact,  solution  is  closely 
connected  with  surface  energy.  It  is  probably  the  low  surface  energy 
of  one  form  of  crystals  of  sulphur  which  makes  them  insoluble  in  car- 
bon disulphide,  and  this  low  surface  energy  may  be  an  electrical  effect. 
I  iwinted  out  that  the  development  of  all  the  faces  of  a  form  and  the 
similar  modification  of  all  corresponding  edges  and  angles  of  a  crystal  are 
in  general  necessary  in  order  to  produce  equilibrium  under  the  surface 
tensions.  But  we  sometimes  find  crystals  with  only  half  the  modifica- 
tions required  for  symmetry.  In  such  cases  the  surface  tensions  must 
produce  a  stress  in  the  interior  tending  to  deform  the  molecules.  When 
the  crystal  was  growing  there  must  have  been  equilibrium,  and  there- 
fore a  pressure  equal  and  opposite  to  this  effect  of  the  surface  tension. 
There  are  various  ways  in  which  we  may  suppose  that  such  a  force 
would  arise.  The  electric  field  might  give  rise  to  a  stress  in  opposition 
to  the  aggregation  of  the  molecules  in  the  closest  possible  way,  and 
then  the  crystal  would  grow  such  faces  as  would  produce  an  equal  and 
opposite  stress.  Inequalities  of  temperature  or  the  presence  of  mole- 
cules of  other  kinds  amongst  those  of  the  crystaljnight  produce  similar 
results.  When  the  stress  due  to  electricity  or  to  temperature  was 
removed  by  change  of  circumstances,  that  due  to  the  surface  tensions 
vould  persist,  and  the  crystal  would  be  left  with  an  internal  strain. 
Crystals  of  this  sort,  with  unsymmetric  faces,  generally  betray  the 
internal  strain  either  by  developing  electricity  of  opposite  kinds  at  the 
two  ends  when  heated  or  cooled,  or  they  affect  polarized  light,  rotat- 
ing the  plane  of  polarization.  That  these  effects  are  due  to  the  internal 
strain  is  shown  by  the  fact  that  tourmalines  and  other  crystals  which 
^pyro-electric  when  unsymmetrical  show  no  such  property  when  sym- 
Di^trically  grown.  Also  sodium  chlorate  in  solution,  quartz  when  fused, 
*^^d  so  on,  lose  their  rotatory  power.  Substances  which  in  solution  show 
rotatory  power  as  a  rule  develop  unsymmetric  crystals.  This  is  well 
^^  in  the  tartrates.  The  constitution  of  the  molecules  must  be  such 
that  they  will  not  without  some  strain  form  crystals;  and  equilibrium 
^*^6n  the  crystal  is  growing  is  attained  by  means  of  the  opposing  stress 
due  to  want  of  symmetry  in  the  surface  tensions.  In  all  such  crystals 
^^^  rotatory  power  of  the  solution  disapi>ears  in  whole  or  in  part.  We 
^^  not  test  this  in  biaxial  crystals,  but,  according  to  Des  Cloiseaux, 
f^^phate  of  strychnine  is  the  only  substance  w  hich  shows  rotation  both 
^  the  solution  and  in  the  crystalline  form,  and  in  it  the  rotatory  power 
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is  much  increased  by  the  crystallization.  Effects  comparable  with 
may  be  produced  by  mechanical  means.  A  cube  of  rock  salt,  \ 
has  no  effect  on  plane-polarized  light  in  its  ordinary  state,  change 
plane  of  polarization  when  it  is  compressed  in  a  vise.  And  a  clea 
slice  of  prussiate  of  potash,  which  is  uniaxial,  may  by  corapressk 
distorted  so  as  to  give  in  a  convergent  beam  of  polarized  light  eUij 
rings  and  two  eyes  like  a  biaxial  crystal. 
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By  Prof.  John  W.  Judd,  F.  R.  S. 


y  soon  after  the  invention  of  the  microscope  the  value  of  that  in- 
leut  in  investigating  the  phenomena  of  crystallization  began  to  be 
Dized. 

)  study  of  crystal  morphology  and  crystallo-genesis  was  initiated 
s  country  by  the  observations  of  Robert  Boyle;  and  since  his  day 
t  of  investigators — among  whom  may  be  especially  mentioned 
v^enhoek  and  Vogelsang  in  Holland,  Link  and  Frankenheim  in 
any,  and  Pasteur  and  Senarmont  in  France — ^have  added  largely 
•  knowledge  of  the  origin  and  development  of  crystalline  struc- 
Nor  can  it  be  said  with  justice  that  this  field  of  investigation, 
d  up  by  English  pioneers,  has  been  ignobly  abandoned  to  others, 
e  credit  of  British  science  has  been  fully  maintained  by  the  nu- 
18  and  brilliant  discoveries  in  this  department  of  knowledge  by 
ster  and  Sorby. 

ire  is  no  branch  of  science  which  is  more  dependent  for  its  prog- 
n  a  knowledge  of  the  phenomena  of  crystallization  than  geology, 
king  to  explain  the  complicated  phenomena  exhibited  by  the  crys- 
3  masses  composing  the  earth^s  crust,  the  geologist  is  constantly 
3lled  to  appeal  to  the  physicist  and  chemist;  from  them  alone  can 
pe  to  obtain  the  light  of  experiment  and  the  leading  of  analogy 
by  he  may  hope  to  solve  the  problems  which  confront  him. 
;  if  geology  owes  much  to  the  researches  of  those  physicists  and 
sts  who  have  devoted  their  studies  to  the  phenomena  of  crystalli- 
,  the  debt  has  been  more  than  repaid  through  the  new  light 
has  been  thrown  on  these  questions  by  the  investigations  of  nat- 
formed  crystals  by  mineralogists  and  geologists. 
10  class  of  physical  operations  is  time  such  an  important  factor  as 
stallization,  and  Nature,  in  producing  her  inimitable  examples  of 
Jline  bodies,  has  been  unsparing  in  her  expenditure  of  time. 
)  it  is  not  surprising  to  find  that  some  of  the  most  wonderful  phe- 
la  of  crystallization  can  best  be  studied — some  indeed  can  only 
died — in  those  exquisite  specimens  of  Nature's  handiwork  which 

Friday  evening  dtsooarse,  delivered  at  the  Royal  Institation  on  January  30, 
[From  Nature,  May  28, 1891:  vol.  xliv,  pp.  83-86.) 
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have  been  slowly  elaborated  by  her  during  periods  wliicU  must  t>« 
measured  in  millions  of  years. 

I  propose  to-niglit  to  direct  your  attention  to  a  very  curiona  case  i*^ 
which  a  strikingly  complicated  group  of  phenomena  ia  presented  in  s 
crystalline  mass,  and  these  phenomena,  which  have  been  revealed  t^ 
the  student  of  natural  crystals,  are  of  such  a  kind  that  we  can  scarcely 
hope  to  re-pn)duce  them  in  our  test-tubes  and  cmeibles. 

But  if  we  can  not  expect  to  imitate  all  the  effects  which  have  in  thic^ 
case  been  slowly  wrought  out  in  N'ature's  laboratory,  we  can  at  leas^ 
investigate  and  analyze  them,  and,  in  this  way,  it  may  be  possible  txi* 
ibow  that  phenomena  like  those  in  question  must  result  from  the  pos- 
session by  crystals  of  certain  definite  properties,  Em-h  of  these  proj*— 
erties,  we  shall  see,  may  be  severally  illustrated  and  experimentally  iim  - 
vestigated,  not  only  in  natural  products,  but  in  the  artificially  fonni>*il- 
crystals  of  our  laboratories. 

In  order  to  lead  up  to  the  explanation  of  the  curious  phenomena  e^c  - 
bibited  by  the  rock-mass  in  question,  the  first  property  of  cr>'stals  t>*^* 
which  I  have  to  refer  may  be  enunciated  as  follows: 

Crystals  |>ossess  the  power  of  resuming  their  growth  after  intermf:»  — 
tion,  and  there  appears  to  be  no  limit  to  the  time  after  which  this  t^o»  ■ 
sumption  of  growth  may  take  place. 

It  is  a  familiar  observation  that  if  a  crystal  be  taken  from  a  solntios^ 
and  put  aside  it  will,  if  restored  after  a  longer  or  shorter  interval  to  tl-s  ^ 
same  or  »  similar  solution,  continue  to  increase  as  before.   But  geo!o^:>'- 
affords  innumerable  instances  in  which  this  renewal  of  growth  in  erys- 
taU  has  takeu  plniie  after  millions  of  years  must  have  elapsed.    Still 
more  curious  is  the  fact,  of  which  abundant  proof  can  be  given,  that  i 
crystal  formc4l  by  one  metho<l  may,  after  a  prolonged  interval,  continue 
itij  growth  auder  totally  different  conditions  and  by  a  very  differeii' 
method.    Thus,  crystals  of  quart/.,  which  have  clearly  been  formed  ii 
molten  magma-  and  certain  inclosures  of  glass,  may  continue  their 
growth  when  brought  iu  contact  with  solutions  of  silica  at  ordiuni?' 
temperatures.     In  the  same  way,  crystals  of  feldspar,  which  have  been 
formed  in  a  mass  of  incandescent  lava,  may  increase  in  size  when  sol 
vent  agents  bring  to  them  the  necessary  materials  fnim  an  enveloiiing  ' 
mass  of  glass,  even  after  the  whole  mass  has  become  cold  and  solid,     f 

It  is  this  power  of  resuming  growth  after  interruption  which  leads^' 
to  the  formation  of  zoned  crystals,  like  the  fine  specimen  of  anietbM 
■■closed  in  colorless  quartz,  which  was  pre^*el1ted  to  the  Koyal  Institit 
tion  seventy  years  ago  by  Mr.  Snoilgrass.  i 

The  growth  of  crystals,  like  that  of  plants  and  animals,  is  determi]|f 
by  their  environment,  the  chief  <'onditions  affecting  their  developiq/ 
being  temperature,  rate  of  growth,  t!ie  supply  of  materials  ( which  | 
varj'  in  quality  as  well  as  in  quantity),  and  the  presence  of  c^ 
foreign  bodies. 

It  is  a  very  carious  circumstance  that  the  form  assumed  by  a  o^ 
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may  be  completely  altered  by  the  presence  of  infiintesimal  traces  of 
certain  foreign  substances — foreign  substances,  be  it  remarked,  which 
do  not  enter  in  any  way  into  the  composition  of  the  crystallizing  mass. 
Tlius  there  are  certain  crystals  which  can  only  be  formed  in  the  pres- 
ence of  water,  fluorides,  or  other  salts.     Such  foreign  bodies,  which 
exercise  an  influence  on  a  crystallizing  substance  without  entering 
into  its  composition,  have  been  called  by  the  French  geologists  "miner- 
alizers.'^     Their  action  seems  to  curiously  resemble  that  of  diastase 
and  of  the  bodies  known  to  chemists  as  "  ferments,''  so  many  of  which 
are  now  proved  to  be  of  organic  origin. 

Studied  according  to  their  mode  of  formation,  zoned  crystals  fall 
n3»tarally  into  several  different  classes. 

In  the  first  place,  we  have  the  cases  in  which  the  successive  shells 
orr  2ones  differ  only  in  color  or  some  other  accidental  character.  Some- 
ti  lues  such  differently  colored  shells  of  the  crystal  are  sharply  cut  off 
from  one  another,  while  in  other  instances  they  graduate  impercei)tibly 
y^rxe  into  the  other. 

-A  seco]id  class  of  zoned  crystals  includes  those  in  which  we  find 
ar  evidence  that  there  have  been  pauses,  or  at  all  events  changes 
the  rate  of  their  growth.    The  interruption  in  growth  may  be  indi- 
'^'ted  in  several  different  ways.    One  of  the  commonest  of  these  is  the 
^•^^mation  of  cavities  filled  with  gaseous,  liquid,  or  vitreous  material, 
^<^CM)rding  to  the  way  the  crystal  has  been  formed,  by  volatilization, 
^y  solution,  or  by  fusion,  the  production  of  these  cavities  indicating 
^^pid  or  irregular  growth.    Not  un frequently  is  it  clear  that  the 
^^^stal,  after  growing  to  a  certain  size,  has  been  corroded  or  partially 
^^^sorbed  in  the  mass  in  which  it  is  being  formed,  before  its  increase 
^as  resumed.    In  other  cases,  a  pause  in  the  growth  of  the  crystal  is 
^^dicated  by  the  formation  of  minute  foreign  crystals  or  the  depo- 
sition of  uncrystallized  material  along  certain  zonal  planes  in  the 
cr\'stal. 

Some  very  interesting  varieties  of  minerals,  like  the  Cotterite  of 
Ireland,  the  red  quartz  of  Cumberland,  and  the  spotted  amethyst 
of  Lake  Superior,  can  be  shown  to  owe  their  peculiarities  to  thin  bands 
of  foreign  matter  zonally  included  in  them  during  their  growth. 

A  curious  class  of  zoned  crystals  arises  when  there  is  a  change  in 
the  habit  of  the  crystal  during  its  growth.  Thus,  as  Levalle  showed 
in  1851  (Bull.  OM.  Soc.  Paris,  2"'^  ser.,  vol.  Vlii,  pp.  610-13),  if  an 
octahedron  of  alum  be  allowed  to  grow  to  a  certain  size  in  a  solution 
of  that  substance,  and  then  a  quantity  of  alkaline  carbonate  be  added 
to  the  liquid,  the  octahedral  crystal,  without  change  in  the  length  of 
its  axes,  will  be  gradually  transformed  into  a  cube.  In  the  same  way, 
a  scalenohedron  of  calcite  may  be  found  inclosed  in  a  prismatic  crystal 
of  the  same  mineral,  the  lengths  of  the  vertical  axes  being  the  same  in 
both  crystals. 
By  far  the  most  numerous  and  important  class  of  zoned  crystals  is 
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that  which  includes  the  forms  where  the  successive  zones  are  of  differ- 
ent, though  analogous,  chemical  composition.  In  the  case  of  the  alums 
and  garnets,  we  may  have  various  isomorphous  compounds  forming 
the  successive  zones  in  the  same  crystal;  while,  in  substances  crystal- 
lizing in  other  systems  than  the  cubic,  we  find  plesiomorphous  com- 
IK)unds  forming  the  different  inclosing  shells. 

Such  cases  are  illustrated  by  many  artificial  crystals  and  by  the 
tourmalines,  the  epidotes,  and  the  feldspars  among  minerals.  The  zones, 
consisting  of  different  materials,  are  sometimes  separated  by  well 
marked  planes,  but  in  other  cases  they  shade  imperceptibly  into  one 
another. 

In  connection  with  this  subject  it  may  be  well  to  point  out  thai 
zoned  crystals  may  be  formed  of  two  substances  which  do  not  crystal 
lize  in  the  same  system.  Thus,  crystals  of  the  monoclinic  augite  maj^ 
be  found  surrounded  by  a  zone  of  the  rhombic  eustatite  and  crystals 
of  a  triclinic  felspar  may  be  found  enlarged  by  a  monoclinic  feldspar 

Still  more  curious  is  the  fact  that,  where  there  is  a  similarity  in  crys 
talline  form  and  an  approximation  in  the  dominant  angles  (plesiomor 
phism),  we  may  have  zoning  and  intergrowth  in  the  crystals  of  sub 
stances  which  possess  no  chemical  analogy  whatever.  Thus,  as  Senar 
mout  showed  in  1856,  a  cleavage-rhomb  of  the  natural  calcic  carbonate 
(calcite),  when  placed  in  a  solution  of  the  sodic  nitrate,  becomes  en 
veloped  in  a  zone  of  this  latter  substance,  and  Tschermak  has  prove* 
that  the  compound  crystal  thus  formed  behaves  like  a  homogeneoo. 
one,  if  tested  by  its  cleavage,  by  its  susceptibility  to  twin  lamellation 
or  by  the  figures  produced  by  etching.  In  the  same  way,  zircons,  whie 
are  composed  of  the  two  oxides  of  silicon  and  zirconium,  are  foun  • 
grown  in  composite  crystals  with  xenotime,  a  phosphate  of  the  metal 
of  the  cerium  and  yttrium  groups. 

These  facts,  and  many  similar  ones  which  might  be  adduced,  poin 
to  the  conclusion  that  the  beautiful  theory  of  isomorphism,  as  origiiiall 
propounded  by  Mitscherlich,  stands  in  need  of  much  revision  as  to  maim 
important  details,  if  not  indeed  of  complete  reconstruction,  in  the  ligb 
of  modem  observation  and  experiment. 

The  second  property  of  crystals  to  which  I  must  direct  your  attentio 
is  the  following: 

If  a  crystal  be  broken  or  mutilated  in  any  way  whatever,  it  i>ossess^ 
the  power  of  repairing  its  injuries  during  subsequent  growth. 

As  long  ago  as  1836,  Frankenheim  showed  that,  if  a  drop  of  a  ssu^ 
urated  solution  be  allowed  to  evaporate  on  the  stage  of  a  microscope 
the  following  interesting  observations  may  be  made  upon  the  growiiB 
crystals.  When  they  are  broken  up  by  a  rod,  each  fragment  tends  to  r* 
form  as  a  perfect  crystal ;  and  if  the  crystals  be  caused  to  be  partiall . 
re-dissolved  by  the  addition  of  a  minute  drop  of  the  mother  liqtK>:J 
further  exaporation  causes  them  to  resume  their  original  developmeo 
{Pogg.  Ann.j  1836,  Bd.  xxxvii). 
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1842,  Hermann  Jordan  showed  that  crystals  taken  from  a  solution 
and  mutilated  gradually  became  repaired  or  healed  when  replaced  in 
the  solution  (Miiller  Archiv.  fur  1842,  pp.  46-56).  Jordan's  observa- 
tions, which  were  published  in  a  medical  journal,  do  not  however  seem 
to  bave  attracted  much  attention  from  the  physicists  and  chemists  of 
the  day. 

Xjavalle,  between  the  years  1850  and  1853,*  and  Kopp,  in  the  year 
1855,  made  a  number  of  valuable  observations  bearing  on  this  interest- 
ing property  of  crystals  {Liebig  Ann.y  1855,  xciv.,  pp.  118-25).  In  1856 
th.e  subject  was  more  thoroughly  studied  by  three  investigators  who 
piil)lis^e<l  their  results  almost  simultaneously;  these  were  Marbach 
(0€^mpt  rend.y  1856,  XLiii,  pp.  705-706,  800-802),  Pasteur  (ibid.,  pp.  795- 
800),  and  Senarmont  (ibid.,  ]>.  799).  They  showed  that  crystals,  taken 
firom  a  solution  and  mutilated  in  various  ways,  upon  being  restored  to 
tlie  liquid  became  completely  repaired  during  subsequent  growth. 

^8  long  ago  as  1851,  Lavalle  had  asserted  that,  when  one  solid  angle 
of"  an  octahedron  of  alum  is  removed,  the  crystal  tends  to  reproduce 
t\xe  same  mutilation  on  the  opposite  angle  when  its  growth  is  resumed ! 
Tliis  remarkable  and  anomalous  result  has  however  by  some  subse- 
qi:i.€nt  writers  been  explained  in  another  way  to  that  suggested  by  the 
author  of  the  experiment. 

In  the  same  way  the  curious  experiments  performed  at  a  subsequent 
dAt<}  by  Karl  von  Hauer,  experiments  which  led  him  to  conclude  that 
henihedrism  and  other  peculiarities  in  crystal  growth  might  be  induced 
by  mutilation,!  have  been  asserted  by  other  physicists  and  chemists 
nottojustify  the  startling  conclusions  drawn  from  them  at  the  time. 
It  mnst  be  admitted  that  new  experiments  bearing  on  this  interesting 
^nestion  are  at  the  present  time  greatly  needed. 

In  1881,  Loir  demonstrated  two  very  important  facts  with  regard  to 
powing crystals  of  alum  (Compt.  rend.,  Bd.  xcii,  p.  1166).  First,  that 
*^  the  injuries  in  such  a  crystal  be  not  too  deep,  it  does  not  resume 
^owth  over  its  general  surface  until  those  injuries  have  been  repaired. 
^^^<^iidly,  that  the  injured  surfaces  of  crystals  grow  more  rapidly  than 
^3taral  faces.  This  was  proved  by  placing  artificially  cut  octahedra 
^^^  natural  crystals  of  the  same  size  in  a  solution  and  comparing  their 
^^'Slit  after  a  certain  time  had  elapsed. 

•^Vie  important  results  of  this  capacity  of  crystals  for  undergoing 
aealxiig  and  enlargement  and  their  application  to  the  explanation  of 
'^^i^esting  geological  phenomena  have  been  pointed  out  by  many  au- 
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thors.  Sorby  has  shown  that,  in  the  so-called  crystalline  sand  grains, 
we  have  broken  and  worn  crystals  of  quartz,  which,  after  many  vicis- 
situdes and  the  lapse  of  millions  of  years,  have  grown  again  and  been 
enveloped  in  a  newly  formed  quartz  crystal.  Bonney  has  shown  how 
the  same  phenomena  are  exhibited  in  the  case  of  mica,  Becke  and 
Whitman  Cross  in  the  case  of  hornblende,  and  Merrill  in  the  case  of 
augite.  In  the  feldspars  of  certain  rocks  it  has  been  proved  that  crystals 
that  have  been  rounded,  cracked,  corroded,  and  internally  altered — 
which  have,  in  short,  suffered  both  mechanical  and  chemical  injuries- 
may  be  rex>aired  and  enlarged  with  material  that  differs  considerably 
in  chemical  composition  from  the  original  crystal. 

It  is  impossible  to  avoid  a  comparison  between  these  phenomena  of 
the  inorganic  world  and  those  so  familiar  to  the  biologist.  It  is  only 
in  the  lowest  forms  of  animal  life  that  we  find  an  unlimited  i)Ower  of 
repairing  injuries:  in  the  Khizopods  and  some  other  groups  a  small 
fragment  may  grow  into  a  perfect  organism.  In  plants  the  same  phe- 
nomenon is  exhibited  much  more  commonly,  and  in  forms  belonging  to 
groups  high  up  in  the  vegetable  series.  Thus,  parts  of  a  plant,  such 
as  buds,  bulbs,  slips,  and  grafts,  may — sometimes  after  a  long  inter- 
val— be  made  to  grow  up  into  new  and  perfect  individuals.  But  in 
the  mineral  kingdom  we  find  the  same  jmnciple  carried  to  a  mncli 
further  extent.  We  know  in  fact  no  limit  to  the  minuteness  of  frag- 
ments which  may,  under  favourable  conditions,  grow  into  perfect  crys- 
tals, no  bounds  as  to  the  time  during  which  the  crystalline  growth 
may  be  suspended  in  the  case  of  any  particular  individual. 

The  next  property  of  crystals  which  I  must  illustrate,  in  order  to 
explain  the  particular  case  to  which  I  am  calling  your  attention  to 
night,  is  the  following: 

Two  crystals  of  totally  different  substances  may  be  developed  within 
the  space  bounded  by  certain  planes,  becoming  almost  inextricably 
inter-grown,  though  each  retains  its  distinct  individuality. 

This  property  is  a  consequence  of  the  fact  that  the  substance  of  » 
crystal  is  not  necessarily  continuous  within  the  space  inclosed  by  its 
bounding  planes.  Crystals  often  exhibit  cavities  filled  with  air  and 
other  foreign  substances.  In  the  calcite  crystals  found  in  the  Fon- 
tainebleau  sandstone,  less  than  40  per  cent  of  their  mass  consists  of 
calcic  carbonate,  while  more  than  60  per  cent  is  made  up  of  grains  of 
quartz  sand,  caught  up  during  j^ystallization. 

In  the  rock  called  "graphic  granite,"  we  have  the  minerals  orthoclase 
and  quartz  intergrown  in  such  a  way  that  the  more  or  less  isolated 
parts  of  each  can  be  shown,  by  their  optical  characters,  to  be  parts  of 
great  mutually  interpenetrant  crystals.  Similar  relations  are  shown  in 
the  so-called  micrographic  or  micro-pegmatic  intergrowths  of  the  same 
minerals  which  are  so  beautifdlly  exhibited  in  the  rock  under  our  con- 
sideration this  evening. 

There  is  still  another  property  of  crystals  that  must  be  kept  in 
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mind  If  we  would  explain  the  phenomena  exhibited  by  this  interest- 
ing rock: 

A.  crystal  may  undergo  the  most  profound  internal  changes,  and 
these  may  lead  to  great  modifications  of  the  optical  and  other  phys- 
ical properties  of  the  mineral;  yet,  so  long  as  a  small — often  a  very 
small — proportion  of  its  molecules  remain  intact,  the  crystal  may  re- 
tain, not  only  its  outward  form,  but  its  capacity  for  growing  and  re- 
pairing injuries. 

Crystals,  like  ourselves,  grow  old.  Not  only  do  they  suffer  from  ex- 
ternal injuries,  mechanical  fractures,  and  chemical  corrosion,  but  from 
actions  wliich  affect  the  whole  of  their  internal  structure.  Under  the 
influence  of  the  great  pressures  in  the  earth's  crust,  the  minerals  of 
deep-seated  rocks  are  completely  permeated  by  fluids  which  chemically 
react  upon  them.  In  this  way,  negative  crystals  are  formed  in  their 
substance  (similar  to  the  beautiful  "ice-flowers"  which  are  formed  when 
a  block  of  ice  is  traversed  by  a  beam  from  the  sun  or  an  electric  lamp), 
aa<i  these  l)ecome  filled  with  secondary  products.  As  the  result  of  this 
action,  minerals,  once  perfectly  clear  and  translucent,  have  acquired 
cloudy,  opalescent,  iridescent,  avanturine,  and  '^schiller"  characters; 
and  minerals,  thus  modified,  abounded  in  the  rocks  that  have  at  any 
period  of  their  history  been  deep-seated.  As  the  destruction  of  their 
internal  structure  goes  on,  the  crystals  gradually  lose  more  and  more 
of  their  distinctive  optical  and  their  physical  properties,  retaining  how- 
ever their  external  form,  till  at  last,  when  the  last  of  the  original 
Jttolecules  is  transformed  or  replaced  by  others,  they  pass  into  those 
'ttineral  corpses  known  to  us  as  "pseudomorplis." 

But  while  crystals  resemble  ourselves  in  ''growing  old,"  and,  at  last. 
^Jiilergoing  dissolution,  they  exhibit  the  remarkable  power  of  growing 
yoting  again,  which  we,  alas!  never  do.  This  is  in  consequence  of  the 
ft^llowing  remarkable  attribute  of  crystalline  structures. 

It  does  not  matter  how  far  internal  change  and  disintegration  may 
^ave  gone  on  in  a  crystal ;  if  only  a  certain  small  proportion  of  the 
^Haltered  molecules  remain,  the  crystal  may  renew  its  youth  and  re- 
^'ime  its  growth. 

MTien  old  and  much  altered  crystals  begin  to  grow  again,  the  newly 
formed  material  exhibits  none  of  those  marks  of  '* senility"  to  which  I 
'^ave  referred.  The  sand  grains  that  have  been  battered  and  worn  into 
Microscopic  pebbles  and  have  been  rendered  cloudy  by  the  development 
^^  millions  of  secondary  fluid  cavities  may  have  clear  and  fresh  quartz 
^^posited  upon  them  to  form  crystals  with  exquisitely  perfect  faces 
^^d  angles.  The  white,  clouded,  and  altered  feldspar  crystals  may  be 
^'iveloped  by  a  zone  of  clear  and  transparent  material,  which  has  been 
•'^dded  millions  of  years  after  the  first  formation  and  the  subsequent 
^^teration  of  the  original  crystal. 

^e  are  now  in  position  to  explain  the  particular  case  which  I  have 
bought  of  sufficient  interest  to  claim  your  attention  to-night. 
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lu  the  Island  of  Mull,  iu  the  Inuer  Hebrides,  there  exist  masses  (►' 
granite  of  Tertiary  age,  which  are  of  very  great  interest  to  the  geol-  — 
ogist  and  mineralogist.    In  many  places  this  granite  exhibits  beam^  — 
tifhl  illustrations  of  the  curious  inter- growths  of  quartz  and  feldspar,  o 
which  I  have  already  spoken.    Such  parts  of  the  rock  often  aboan 
with  cavities  (druses),  which  I  believe  are  not  of  original,  but  of  sec^- 
ondary  origin.    At  all  events,  it  can  be  shown  that  these  cavities  hav^ 
been  localities  in  which  crystal  growth  has  gone  on ;  they  constitute  in.  - 
deed  veritable  laboratories  of  synthetic  mineralogy. 

Now,  in  such  cavities  theinter-penetrantcrystalsof  quartz  and  feldspairmr 
in  this  rock  have  found  a  space  where  they  may  grow  and  complete  theLxr 
outward  form;  and  it  is  curious  to  see  how  sometimes  the  quartz  ha^» 
prevailed  over  the  feldspar  and  a  pure  quartz  crystal  has  been  producecl, 
while  at  other  times  the  opx>osite  effect  has  resulted  and  a  pure  feldspii^r 
individual  has  grown  up.  in  these  last  cases,  however  much  the  orig^- 
inal  feldspar  may  have  been  altered  (kaolinized  and  rendered  opaque ), 
it  is  found  to  be  completed  by  a  zone  of  absolutely  clear  and  unaltered 
feldspar  substance.  The  result  is  that  the  cavities  of  the  granite  aire 
lined  with  a  series  of  projecting  crystals  of  fresh  quartz  and  clear  feld- 
spar, the  relations  of  which  to  the  older  materials  in  an  altered  condition, 
composing  the  substance  of  the  solid  rock,  are  worthy  of  the  most  caro- 
ful  observation  and  reflection. 

Those  relations  can  be  fully  made  out  when  thin  sections  of  the  roek 
are  examined  under  the  microscope  by  the  aid  of  polarized  light,  and 
they  speak  eloquently  of  the  possession  by  the  crystals  of  all  thaso 
curious  peculiarities  of  which  I  have  reminded  you  tbis  evening. 

By  problems  such  as  those  which  we  have  endeavoured  to  solve  to- 
night, the  geologist  is  beset  at  every  step.  The  crust  of  our  globe  is 
built  up  of  crystals  and  crystal  fragments — of  crystals  in  every  stage  of 
developmen  t,  of  growth,  and  of  variation — of  crystals  undergoing  chan^o, 
decay,  and  dissolution.  Hence  the  study  of  the  natural  history  of  crys- 
tals  must  always  constitute  one  of  the  main  foundations  of  geologic3^1 
science,  and  the  future  progress  of  that  science  must  depend  on  ho^^' 
far  the  experiments  carried  on  in  laboratories  can  be  made  to  illustrat-e 
and  explain  our  observations  iu  the  field. 


^IDUCTION  FROM  THE  GASEOUS  THEORY  OF  SOLUTION.* 


BY  PROF.  OEME  MASSON. 


3efore  passing  on,  let  me  briefly  recapitulate  the  chief  points  in 
n^t  HofTs  gaseous  theory  of  solution  and  the  experimental  laws  on 
.ich  it  is  based. 

1)  In  every  simple  solution  the  dissolved  substance  may  be  re- 
rded  as  distributed  throughout  the  whole  bulk  of  the  solution.  Its 
»1  volume  is  therefore  that  of  the  solution,  the  solvent  playing  the 
rtof  so  much  space;  and  its  specific  volume  is  the  volume  of  that 
smtity  of  the  solution  which  contains  1  gram  of  the  substance.  To 
old  confusion,  it  is  best  to  speak  of  this  as  the  specific  solution 
lume  (t?)  of  the  substance.  It  is  obviously  in  inverse  ratio  to  the 
ncentration. 

^2)  In  every  simple  solution  the  dissolved  substance  exerts  a  definite 
motic  pressure  (p).  This  is  normally  independent  of  the  nature  of 
B  solvent.  It  varies  inversely  as  the  specific  solution  volume  (or  di- 
ctly  as  the  concentration),  and  directly  as  the  absolute  temperature 
').  We  may  then  write  for  solutions,  as  we  do  for  gases,  the  equation 
t?=r.  T,  where  p  and  v  have  their  specialized  meanings,  and  r  is  a 
HBtant  for  each  soluble  substance. 

(3)  The  molecular  solution  volume  of  all  dissolved  substances  is  the 
.me  if  they  are  compared  at  the  same  temperature  and  osmotic  press- 
•e.  If  m  be  the  molecular  weight,  w .  t?  =  Fis  the  molecular  solution 
>lame;  and  we  can  now  write,  as  we  do  for  gases,  p  V.  =  R.Ty  where 

is  the  same  constant  for  all  substances. 

(4)  This  constant  R  has  the  same  value  when  the  formula  is  applied 
>  the  dissolved  state  as  when  it  is  applied  to  the  gaseous  state  itself. 

(5)  The  gaseous  laws,  as  I  have  stated  them,  are  not  absolutely  true 
^  dissolved  matter  in  all  circumstances.  Dissociation  often  occurs, 
*  it  may  occur  in  the  process  of  vaporization,  thus  causing  apparent 
^ceptious,  but  apart  from  this  there  are  and  must  be  variations  from 
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the  laws  in  the  case  of  solutions  of  great  coucentration,  just  as  tber 
are  in  the  case  of  gases  and  vapors  of  great  concentration — for  ir 
stance,  in  the  neighborhood  of  the  critical  point. 

I  wish  now  to  ask  your  attention  more  particularly  to  the  actus 
process  of  dissolving,  and  then  to  lay  before  you  a  hyi>othesis,  whicl 
as  it  seems  to  me,  is  a  logical  consequence  of  the  general  theory. 

Imagine,  then,  a  soluble  solid  in  contact  with  water  at  a  fixed  ten 
perature.  The  substance  exercises  a  certain  pressure,  in  right  of  whic 
it  proceeds  to  dissolve.  This  pressure  is  analogous  to  the  vapor  pre 
sure  of  a  volatile  body  in  space,  the  space  being  represented  by  tl 
solventj  and  the  process  of  solution  is  analogous  to  that  of  vaporiz 
tion.  As  the  concentration  increases,  the  osmotic  pressure  of  the  di 
solved  portion  increases,  and  t«uds  to  become  equal  to  that  of  the  a 
dissolved  portion;  just  as,  during  vaporization  in  a  closed  space,  tl 
pressure  of  the  accumulating  vapor  tends  to  become  equal  to  t' 
vapor  pressure  of  the  liquid.  But  if  there  be  enough  water  presev 
the  whole  of  the  solid  will  go  into  solution,  just  as  the  whole  of  a  vol 
tile  body  will  volatilize  if  the  available  space  be  sufficient.  Sucli 
solution  may  be  exactly  saturated  or  unsaturated.  With  excels  oft. 
solvent  it  will  be  unsaturated,  and  the  dissolved  matter  will  then 
in  a  stat«  comparable  to  that  of  an  unsaturated  vapor,  for  its  osmoi 
pressure  will  be  less  than  the  possible  maximum  corresi>onding  to  t 
temperature.  On  the  other  hand,  if  there  be  not  excess  of  water  pre 
ent  during  the  process  of  solution,  a  condition  of  equilibrium  will  1 
arrived  at  when  the  osmotic  pressure  of  the  dissolved  iwrtion  beconn 
equal  to  the  pressure  of  the  undissolved  portion,  just  as  equilibrini 
will  be  established  between  the  volatile  substance  and  its  vapor  if  tl^ 
space  be  insufficient  for  complete  volatilization.  In  such  a  case  we  g€ 
a  saturated  solution  in  presence  of  undissolved  solid,  just  as  we  mm 
have  a  saturated  vapor  in  presence  of  its  own  liquid  or  solid. 

So  far  we  have  supposed  the  temperature  to  be  stationary,  but  i 
may  be  raised.    Now,  a  rise  of  temperature  will  disturb  equilibrium  i 
either  case  alike,  for  osmotic  pressure  and  vapor  pressure  are  bot- 
increased  by  this  means,  and  a  re-establishment  of  equilibrium  uece^ 
sitates  increased  solution  or  vaporization,  as  the  case  may  be. 

N'ow,  what  will  this  constantly  increasing  solubility  with  rise  of  teoo 
perature  eventually  lead  to!  Will  it  lead  to  a  maximum  of  solubility 
at  some  definite  temperature  beyond  which  increase  becomes  imix^^ 
siblef  Or  w^ll  it  go  on  in  the  way  it  has  begun,  so  that  there  wil 
always  be  a  definite,  though  it  may  be  a  very  great,  solubility  forevt^r: 
definite  temperature?  Or  will  it  lead  to  infinite  solubility  before  i^ 
finite  temperature  is  obtained !  One  or  other  of  these  things  nii^^' 
happen,  provided  of  course  that  chemical  change  doe«  not  intervett^ 

Well,  let  us  be  guided  by  the  analogy  that  has  hitherto  held  goo«' 
Let  us  see  what  this  leads  us  to,  and  afterwards  examine  the  avails* 
ble  experimental  evidence.    We  know^  that  a  volatile  liquid  will  »tlft^* 
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reach  a  temperature  at  which  it  becomes  infinitely  volatile — a  tem- 
perature above  which  the  liquid  can  not  possibly  exist  in  the  presence 
of  its  own  vapor,  no  matter  how  great  the  pressure  may  be.  At  this 
temperature,  equilibrium  of  pressure  between  the  liquid  and  its  vapor 
becomes  impossible,  and  above  this  point  the  substance  can  exist  only 
as  a  gas.  This  is  the  critical  temperature.  And  so  it  seems  to  me 
that  if  we  carry  our  analogy  to  its  logical  conclusion,  we  may  expect 
for  evei-y  substance  and  its  solvent  a  definite  temperature  above  which 
equilibrium  of  osmotic  pressure  between  undissolved  and  dissolved 
substance  is  impossible — a  temperature  above  which  the  substance 
can  not  exist  in  presence  of  its  own  solution,  or  in  other  words  a 
temperature  of  infinite  solubility.  This  may  be  spoken  of  as  the  crit- 
ical solution  temperature. 

But  a  little  consideration  shows  that  in  one  particular  we  have  been 
someM'bat  inexact  in  the  pursuance  of  our  analogy,  for  we  have  com- 
pared the  solution  of  a  solid  body  to  the  vaporization  of  a  volatile  liquid, 
^e   can   however  do  better  than  this,  for  volatile  solid  bodies  are 
not  wanting.    It  is  to  these,  then,  that  we  must  look  in  the  first  in- 
stance.   Now,  a  volatile  solid  (such  as  camphor  or  iodine)  will  not 
reach  its  critical  point  without  having  first  melted  at  some  lower  tem- 
IHJrature,  and  a  similar  change  should  be  exhibited  in  the  solution 
process.    At  some  definite  temperature,  below  that  of  infinite  solubil- 
^^Yy  We  may  expect  the  solid  to  melt.    This  solution  melting  point  will 
not  be  identical  with,  but  lower  than,  the  time  melting  point  of  the 
^^^^j  and  for  the  following  reason :  No  case  is  known,  and  probably 
no  case  exists,  of  two  liquids  one  of  which  dissolves  in  the  other  and  yet 
ean  not  dissolve  any  of  it  in  return.     Therefore  there  will  be  formed  by 
melting,  not  the  pure  liquid  substance,  but  a  solution  of  the  solvent  in 
the  liquid  substance.    Hence  the  actual  melting  or  freezing  point 
B^^st  be  lower  than  the  true  one,  in  right  of  the  laws  of  which  I  have 
Rl>ok©u  when  discussing  Kaoult's  methods  in  the  earlier  part  of  this 
address. 

^om  this  solution  melting-point  upwards  we  shall  then  have  to  deal 
with  two  liquid  layers,  each  containing  both  substance  A  and  solvent 
^7  V>ut  the  one  being  mostly  substance  A  and  the  other  mostly  solvent 
^'    These  may  be  spoken  of  as  the  A  layer  and  the  B  layer.    As  temper- 
ature rises,  the  pro])ortion  of  A  will  decrease  in  the  A  layer  and  increase 
intbe^layer;  and  every  gram  of  A  will  occupy  an  increasing  solu- 
tion volume  in  the  A  layer  (B  being  absorbed  there)  and  a  decreasing 
^<>*ution  volume  in  the  B  layer.    At  each  temperature  the  osmotic  pres- 
^^1*08  of  A  in  the  two  layers  must  be  equal.    The  whole  course  of  affairs, 
^  thus  conceived,  now  admits  of  the  closest  comparison  with  the 
changes  which  accompany  gradual  rise  of  temperature  in  the  case  of  a 
volatile  liquid  and  its  saturated  vapor.    The  liquid  is  like  the  substance 
^  in  the  A  layer;  the  vapor  (which  is  the  same  matter  in  another 
state)  is  like  the  same  substance  A  in  the  B  layer.    As  temperature 
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rises  the  liquid  diminishes  in  total  quantity,  the  vapor  increasing; 
the  specific  volame  of  the  liquid  increases,  while  that  of  the  vapo 
creases.  The  residual  liquid  is,  in  fact,  constantly  encroaching  oi 
space  of  its  vapor,  just  as  the  residual  substance  A  in  the  A  la^^ 
constantly  absorbing  the  solvent  B  from  the  B  layer.  Finally,  in  e: 
case,  the  specific  volume  of  the  substance  will  become  identical  in 
layers,  which  means  that  the  layers  themselves  will  become  homo^ 
ous  and  indistinguishable.  Our  system  will  then  have  reachec 
critical  temperature — ^the  temperature  of  infinite  volatility  in  the 
case  and  of  infinite  solubility  in  the  other. 

So  much  for  hypothesis.  Are  there  any  facts  in  support  of  itt  1 
in  the  first  place  the  hypothesis  demands  that  (in  the  absence  of  c 
ical  change)  increase  of  solubility  with  rise  of  temperature  shall  1 
genera]  a  law  as  increase  of  vapor  pressure,  and  we  find  that  this  a| 
with  the  known  facts,  more  especially  since  Tilden  and  Shenstone  ( 
Trans.  J 1884)  cleared  up  certain  doubtful  c<ases.  Secondly,  the  hjrpoti 
seems  to  demand  some  connection  between  the  true  melting  poin 
salts  and  the  rates  of  their  increase  of  solubility;  and  such  a  reh 
has  in  a  general  way  been  established  by  the  same  observers.  Thi 
we  have  the  fact,  in  complete  accordance  with  the  hyiwthesis,  that  ^ 
no  case  is  known  of  a  solid  body  having,  as  such,  infinite  solubili 
any  simple  solvent,  several  cases  are  known  of  liquids  of  infinite 
bility,  and  also  of  solids  which,  after  they  have  melted  in  presen 
their  own  solution,  become  at  some  higher  temperature  infinitely  soli 
This  last  statement  refers  to  the  cases  described  by  Alex^eff  ( W 
mannas  Annalen^  1886),  of  which  1  must  say  a  good  deal  more  dire 
It  would  seem  to  apply  also  to  the  case  of  silver  nitrate,  which  Ti 
and  Shenstone  described  as  dissolving  in  water  to  the  extent  of  ] 
parts  to  one  at  so  low  a  temperature  as  130°  C.  The  true  meltiug-] 
of  the  salt  is  217°,  and  I  have  seen  it  stated  (but  have  been  unab 
find  the  published  account)  that  Shenstone  has  himself  shown  it  1 
fusible  in  water,  and  of  infinite  solubility  at  quite  reachable  ten 
atures. 

With  regard  to  substances  that  are  liquid  under  ordinary  condit 
we  have  the  well-known  fi\ct  that  some  pairs  are  infinitely  solub 
one  another,  while  others  exhibit  the  phenomenon  of  only  partial 
bility.  The  hypothesis  would  draw  no  hard  and  fast  distinc 
between  these  cases,  except  the  practically  important  one  that  sw 
mixture  as  that  of  ether  and  alcohol,  which  belongs  to  the  first  c 
is  usually  above  its  critical  solution  point,  while  such  a  one  as  c 
and  water,  which  belongs  to  the  second  class,  is  usually  below  it 
should  be  possible,  according  to  the  hypothesis,  to  cool  mixture 
ether  aud  alcohol  sufficiently  to  cause  separation  into  two  layers,  i 
lar  to  those  observed  at  the  ordinary  temperature  in  the  case  of  c 
and  water;  but  I  do  not  know  that  this  has  yet  been  put  to  the  te 
experiment. 
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AlexeeiTs  experiments  appear  to  me  to  be  of  the   very  highest 
ixriportince,  and  to  merit  the  closest  attention  in  any  inquiry  into  the 
na,ture  of  sohition.    As  already  stated,  they  afford  the  strongest  su])- 
porttothe  hypothesis  which  I  have  been  discussing;  indeed,  had  it 
not  been  for  this  support,  I  should  hardly  have  ventured  to  discuss  it 
at>  all.    They  refer  to  solutions  in  water,  below  and  above  lOO^,  of 
plienol,  salicylic  acid,  benzoic  acid,  aniline  phenylate,  and  aniline,  and 
to  solutions  in  molten   sulphur  of  chlorobenzene,  benzene,  toluene, 
aniHne,  and  mustard  oil.     All  these  afford  instances  of  reciprocal  par- 
tial 8^olution  throughout  a  considerable  range  of  temperature,  leading 
eventually  at  a  definite  temperature  to  infinite  solubility.    Several  of 
tliein  afford  instances  also  of  solid  substances  with  solution  melting- 
I>oints  below  their  true  melting-points. 

Alex^eff  experimentally  determined  the  temperatures  at  which  dif- 
ferent mixtures  of  the  same  two  liquids  are  just  converted  into  clear 
solutions;  or,  in  other  words,  he  ascertained  the  strengths  of  the  satu- 
rated solutions  corresponding  to  different  temperatures.     For  each 
pair  of  liquids  he  found  that  when  a  particular  strength  of  mixture  is 
i^a^^'hed,  the  temperature  of  saturation  is  lowered  by  fiirther  addition 
of  either  liquid.    Thus  a  mixture  of  about  37  i)arts  aniline  to  63  parts 
^ater  requires  a  temperature  of  164^*5  to  convert  it  into  a  homoge- 
'Jeoixs  solution;  but  one  of  21  of  aniline  to  79  of  water  assumes  this 
cofi  dition  at  156o,  and  one  of  74  of    ? 
^^line  to  56  of  water  does  so  at    5 
157<:>-5,    He  plotted  his  residts  in    | 
the   form  of  curves,  with  tempera-  i6<r 
^''^^"^  and  percentage  strength  as 
tte     two  coordinates.    The  curve 
for   ^niiiue  and  water  is  shown  in  «©• 
^^K.  1,  and  this  may  be  taken  as 


BO' 


a  t^ir  representative,  the  general 
^oi*in  of  all  being  similar.  It  is 
^^  Once  ax)parent  that  for  every 
**^^^l)erature  up  to  a  certain  limit 
th^x*e  are  two  possible  saturated  40' 
^*^i^tions,  one  of  water  in  aniline 
*^d  one  of  aniline  in  water.  The 
l"ti^iting    temperature    at    which    ^' 

tn^X'e  is  but  one  possible  saturated  ^' '°- 1— rcrccntage  of  aniline  in  it«  saturated  aque- 
8Al»^i.-  -i      \  ^.   ,  ,  0U8  Bolutioa  (Al©x6efl), 

'^^M.tion,  and  above  which  satu- 

"^^ion  becomes  impossible,  is  called  by  Alexeeff  the  Mischungs  Tem- 
P^^^citar.  It  is  what  I  have  called  the  critical  solution  temperature.  It 
^^  in  the  case  of  aniline  and  water  about  167°,  as  nearly  as  one  can 
jHflgefrom  the  curve  without  a  greater  number  of  experimental  points 
^"an  we  have  in  this  part;  and  the  corresponding  satruation  strength 
^  about  50  per  cent.    It  is  hardly  necessary  to  say  that  this  equality 


75 


100 
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of  the  two  ingredients  is  an  accident  wliieli  does  not  ciiariu'teriz' 
cases. 

Now  imagine  a  50  per  cent  mixture  of  aniline  and  water  seale 
in  a  tube,  shaken,  and  gradually  heated.  Let  ns  assume  that  the 
is  only  large  enough  to  contain  the  mixture  and  allow  of  expausio 
heat,  so  that  evaporation  may  be  neglected  as  too  small  to  mater 
complicat/e  the  result.  The  course  of  events  will  be  exactly  wli 
have  already  described  with  reference  to  the  hypothetical  A  layer 
B  layer.  There  will  be  formed  a  saturated  solution  of  water  in  ani 
which  we  may  call  the  aniline  layer ^  and  a  saturated  solution  of  an 
in  water — the  i^ater  layer.  Given  the  temperature,  the  percen 
strength  of  each  layer  may  be  read  off  from  the  curve.  As  the 
perature  rises,  the  two  layers  will  effect  exchanges  in  such  a  way 
the  aniline  layer  will  become  poorer  and  the  water  layer  rich< 
aniline,  and  at  about  167°  the  two  layers  will  have  attained  e 
strength  and  become  merged  into  one.  Were  we  to  start  with 
aniline  and  water  in  any  other  proportions  by  w^eight,  there  w 
still  be  formetl  the  two  saturated  solutions,  but  their  relative  amo 
would  be  different,  and  one  or  other  would  be  used  up  and  disap 
at  a  lower  temperature  than  167o.  To  attain  the  maximum  temj 
ture  of  complete  solution,  you  must  start  with  the  exact  proport 
which  correspond  to  that  temperature. 

But  it  is  possible  to  learn  even  more  from  Alex^eff's  work  thai 
himself  has  made  evident.  Let  me  call  y.)ur  attention  to  the  ci 
shown  in  Fig.  2*,  the  data  for  which  I  have  calculated  in  the  follow 
manner. 
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Fio.  2.— Volume  of  saturated  aqueons  Bolntion  containing  1  gram  of  aniline- 

From  Alexeeff's  percentage  figures  was  deduced  the  weight  of  w 
capable  of  dissolving,  or  being  dissolved  by  1  gram  of  aniline 


*  In  order  to  save  space,  only  the  upper  portion  of  the  curve  is  here  represei 
as  it  shows  all  thsit  is  essential  to  the  arguuiont.  Of  the  twelve  experimental  p< 
one  appears  to  be  somewhat  misplaced ;  but  tills  docs  not  affect  that  part  oi 
curve  shown  in  the  figure. 
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eacrL  of  his  exi>eriinei)tal  temperatures,  so  as  to  form  a  saturated  solu- 
tion.   Then  from  curves  showing  the  expansion  of  pure  water  and 
pure  aniline  (the  latter  drawn  from  Thorpe's  data,  Tranvi,  Chem.  Soc^ 
1880)  there  were  read  the  specific  volumes  of  these  substances  at  ea<5h 
of  Alexeefi'^s  temperatures;  and  from  the  combined  information  thus 
obtained,  there  was  calculated  the  total  volume  of  that  quantity  of  the 
saturated  solution  at  each  temperature  which  contiiins  1  gram  of  ani- 
line.   This  is  what  I  have  already  called  the  specific  solution  volume. 
A  slight  error  is  involved  by  the  fact  that  the  volume  of  a  solution  is 
Bot  exactly  the  sum  of  the  volumes  of  its  ingredients;  but  this  error  is 
necessarily  small — too  small  to  aft'ect  the  general  character  of  the  curve 
or  the  nature  of  the  lesson  to  be  learned  from  it. 

The  specific  solution  volumes  of  the  aniline,  calculated  in  this  man- 
ner, were  found  to  be  as  follows: 


Tempera- 
ture. 


8... 
16.. 
25.. 
39.. 
55.. 

es.. 

77.. 
137. 


.Spe<-itic  solution  vol- 
*uinfH  of  aniline. 


In  aniline 
layer. 


1.015 


1.036 
1.053 


142 

156 

157.  5. ... 


1.087 
1. 297 


In  water 
Liver. 


32.16 


28.27 
19. 55 


1.498 
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^^e  specific  solution  volumes  are  represented  as  abscissae  in  Fig.  2, 
with  the  temperatures  as  ordinates.    For  the  sake  of  comparison,  I 
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Fio.  3.— Volume  of  alcohol  (liquid  and  flattiTRtGd  vapor)  weighing;  1  iirrain. 

'^^Ve  placed  side  by  side  with  it  a  specific  volume  and  temperature 
<^ve  (Fig.  3)  for  pure  alcohol  and  its  saturated  vapor,  plotted  from 
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the  experimental  data  of  Kamsay  and  Young  {PhiL  IVan«.,  1886).  Thi 
reason  that  alcohol  was  chosen  is  simply  that  the  data  were  convenieni 
to  my  hand. 

The  two  curves  are  strikingly  similar  in  form  and  significance.  Ii 
Fig.  3  we  see  the  specific  volume  of  liquid  alcohol  increasing  slowly 
with  rise  of  temperature,  while  that  of  the  saturated  vapor  rathei 
rapidly  decreases.  In  Fig.  2  we  see  tlie  specific  solution  volume  of  th< 
aniline  in  the  aniline  layer  slowly  increasing,  while  that  of  the  anihn< 
in  the  water  layer  decreases  more  rapidly,  with  rise  of  temperature 
In  Fig.  3  we  see  that  above  the  critical  point  the  existence  of  liquw 
alcohol  in  presence  of  its  vapor  is  impossible.  In  Fig.  2  we  see  tha 
above  the  critical  solution  point  the  existence  of  an  analine  layer  i 
presence  of  a  water  layer  is  impossible.  In  Fig.  3  we  see  an  inclosei 
area  which  represents  those  temperatures  and  specific  volumes  whicl 
are  mutually  incompatible.  In  Fig.  2  we  see  an  inclosed  area  whic^ 
represents  those  temperatures  and  specific  solution  volumes  which  ar 
mutually  incompatible.  In  Fig.  3  we  see  that  any  two  x)oiiits  on  th 
curve  which  correspond  to  equal  temperature  must  also,  from  the  uf 
ture  of  the  case,  correspond  to  equal  osmotic  pressure.  In  Fig.  3  som 
of  the  pressures  are  indicated,  as  this  can  be  done  from  Ramsay  an 
Young's  data.  In  Fig.  2  the  value  of  the  osmotic  pressures  can  not  b 
given,  as  they  have  not  been  experimentally  determined.  In  Fig. 
any  point  outside  of  the  curve  and  to  the  right,  as  at  a,  correspond 
to  the  state  of  unsaturated  alcohol  vapor,  whose  temperature,  specific 
volume,  and  pressure  are  indicated — the  last  by  the  isobaric  lim 
which  passes  through  the  i)oint.  In  Fig.  2  any  point  outside  the  curv( 
and  to  the  right,  as  at  a,  must  correspond  to  the  state  of  an  unsatur- 
ated aqueous  solution  of  aniline,  whose  temperature  and  specific  sola- 
tlon  volume  can  be  read,  and  whose  osmotic  pressure  could  be  indi- 
cated by  an  isobaric  line,  had  we  the  data  for  plotting  it.  A  little 
thought  makes  it  evident,  too,  that  such  isobaric  lines  would  follow 
the  same  general  tsourse  as  those  shown  in  the  alcohol  diagram. 

Kow,  consider  what  must  be  the  effect  of  gradually  decreasing  the 
volume  of  the  unsaturated  vapor  in  the  one  case  and  the  solution 
volume  of  the  aniline  in  the  unsaturated  solution  in  the  other,  while 
temperature  is  kept  constant.  In  the  case  of  the  vapor  (Fig.  3)  the 
point  a  will  pass  to  the  left  across  lines  of  incresising  pressure  until 
the  vapor  becomes  saturated  at  h.  Then,  if  the  diminution  of  volume 
continue,  a  portion  of  the  vapor  will  condense  to  the  liquid  state,  or 
be  transferred  to  c,  while  the  rest  remains  saturated  vapor  at  6.  With 
continued  decrease  of  volume,  the  proportion  condensed  will  con- 
stantly increase,  but  there  can  be  no  alteration  of  pressure  till  all  is 
condensed;  and  after  that  nothing  but  a  very  slight  diminution  of 
volume  is  possible  without  a  lowering  of  temperature.  Well,  how  are 
we  to  diminish  the  solution  volume  of  the  aniline  in  the  unsaturate 
aqueous  solution!    Clearly  by  depriving  the  solution  of  some  of  its 
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water,  so  as  to  leave  the  same  quantity  of  aniline  distributed  through- 
out a  smaller  space.  And  what  will  be  the  result  of  doing  this  while 
temperature  is  kept  constant!  Evidently,  as  in  the  other  case,  the 
point  a  (Fig.  2)  will  travel  to  the  left,  across  lines  of  increasing 
osmotic  pressure,  until  it  reaches  b — that  is,  until  the  solution  is  a 
satorated  one;  and  after  that,  if  more  wat^r  be  abstracted^  some  of 
the  aniline  will  be  thrown  out  or  condensed,  not  as  x>ure  aniline  but 
as  a  saturated  solution  of  water  in  aniline,  so  that  two  layers  will  now 
coexist — the  aniline  in  one  having  the  specific  solution  volume  repre- 
sented at  hj  and  the  aniline  in  the  other  having  that  represented  at  c. 
This  transference  from  bto  o  will  continue,  as  water  is  abstracted,  until 
the  ratio  of  residual  water  to  aniline  is  just  enough  to  give  the  whole 
•  of  the  latter  the  specific  solution  volume  shown  at  c.  At  this  stage 
the  water  layer  will  disappear,  and  only  a  saturated  solution  of  water 
in  aniline  wiU  be  left;  and  after  that  only  a  very  small  volume  change 
can  possibly  result  from  further  abstraction  of  water,  as  the  specific 
solution  volume  is  already  not  far  from  the  specific  volume  of  pure 
aniline  itself  at  the  same  temperature. 

To  complete  the  comparison  of  the  two  curves,  let  me  point  out  that, 
just  as  we  can  from  Fig.  3  calculate  the  distribution  of  alcohol  between 
it«  liquid  and  its  vapor  layers  under  given  conditions,  so  can  we  calcu- 
late from  Fig.  2  the  distribution  of  the  aniline  between  the  aniline 
layer  and  the  water  layer  under  given  conditions.  In  the  former  case, 
if  the  total  volume  of  a  tube  containing  n  grams  of  alcohol,  at,  say, 
230O,  be  n  X  ^,  and  if  x  be  marked  off  (Fig.  3)  between  b  and  c  on  the 
line  of  that  temperature,  then  (x,  &,  and  c  standing  for  the  volumes 

X  ^-'  6 

which  can  be  read  off  on  the  horizontal  base  line)  n  .  ,  __     is  the 

b  —^  X 
weight  of  the  alcohol  in  the  vapor  layer,  and  n  :  ,  _^     is  its  weight  in 

the  liquid  layer,  and  the  volumes  of  the  two  layers  in  cubic  centi- 

naetersaren  .  b  .  ?-^  -  and  n  .  c  ,  ^-^^?  respectively,  which  are  together 

^ual  to  n  .  :r.  Just  also  with  the  aniline  and  water  mixture  (Fig.  2). 
^ttX  J?  be  the  total  volume  of  the  mixture  (both  layers  together) 
^utaining  n  grams  of  aniline,  at,  say,  140^,  and  if  x  be  marked  off 

*8  it  \?a8  in  the  other  case,  then  n  ,  j— ;^—  is  the  weight  of  aniline  in 
tke  water  layer,  and  n  .  t-_7T  is  its  weight  in  the  aniline  layer,  and 

^'le  total  volumes  of  the  two  layers  are  n  ,  b  ,  j.— -^  and  n  .  c  .  j  _j-  - 

^pectively,  together  equal  w  .  x. 

If  the  actual  weights  of  aniline  and  water  in  the  mixture  be  given, 
^^  value  of  X  can  be  calculated  with  a  very  fair  approach  to  accuracy 
^ythe  method  adopted  in  plotting  the  curve;  and  thus  all  the  facts 
^th  regard  to  the  distribution  at  any  temperature  can  be  obtained. 
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Now,  if  it  be  remembered  that  this  case  of  aniline  and  water  is  ncfc 
an  isolated  one,  bat  typical  of  many  cases  experimented  ou  b^ 
Alex^eft*,  and  if  it  be  remembered  also  that  there  exists  no  diree 
experimental  evidence  to  show  that  the  law  which  governs  these  case 
is  not  the  general  law  regulating  all  simple  solutions  it  mast  I  thin 
be  granted  that  the  facts  do  somewhat  strongly  support  the  hyx)othesi 
of  a  critical  solution  point  which  I  deduced  in  the  first  instance  froi 
the  general  theory  of  solution.    It  may  be  summed  up  as  follows: 

(1 )  In  every  system  of  solution  which  starts  with  a  solid  and  it 
simple  solvent,  the  solid  has  a  solution  melting  point  which  is  lowe 
than  its  true  melting  point.  Above  this  temperature  the  system  con 
sists  of  two  separate  liquids,  each  of  which  is  a  saturated  solution. 

(2 )  These  two  liquids  become  one  homogeneous  solution  at  a  tem- 
perature which  depends  on  the  ratio  of  the  original  ingredients. 
There  is  one  ratio  which  demands  a  higher  temperature  than  any 
other.  This  is  the  critical  solution  temperature,  above  which  either 
ingredient  is  infinitely  soluble  in  the  other. 
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By  I*rof.  William  Kamsav,  F.  1\.  S. 


e  brilliant  presidential  address  of  Prof.  Orme  Massoii  at  the  Cliem- 
^ection  of  the  Australasian  Association  for  the  Advancement  of 
ice  marks  a  distinct  advance  in  onr  ideas  of  solution.  The  analogy 
Jen  the  behavior  of  a  liquid  and  its  vapor  in  presence  of  each 
and  of  a  pair  of  solvents  capable  of  mutual  solution  is  so  striking 
carry  conviction.  The  resemblance  of  the  liquid-vapor  curve, 
its  apex  at  the  critical  point,  to  the  solubility  curve,  with  its  apex 
B  critical  solution  point,  appears  to  me  to  prove  beyond  cavil  that 
wo  phenomena  are  essentially  of  the  same  nature, 
ere  are  two  other  phenomena,  which,  it  api>ears  to  me,  are  made 
by  the  ideas  of  Prof.  Masson.  The  first  of  these  has  reference  to 
'-saturated  solutions.  The  curves  (published  in  Nature^  February 
348)  showing  the  analogy  between  liquid-gas  and  solution  curves, 
mbaric  curves,  or,  more  correctly,  they  represent  the  terminations 
)baric  curves  in  the  region  of  mixtures,  where,  on  the  one  hand,  a 
i  exists  in  presence  of  its  vapor,  and  on  the  other,  one  solvent  in 
>resence  of  another  (for  both  solvents  play  the  part  of  dissolved 
a,nces,  as  well  as  of  solvents).  M.  Alex^eflTs  data  are  not  suffi- 
t()  permit  of  the  constru(;tion  of  a  curve  representing  a  similar 
n  mapped  out  by  the  termination  of  isothermal  lines.  But  it  is 
ms  that  it  would  be  possible  to  determine  osmotic  pressures  of 
US  mixtures  by  the  freezing-point  method,  and  so  to  construct 
ermal  curves  for  such  mixtures  of  solvents.  And  there  can  be  no 
•nable  doubt  that,  as  the  isobaric  curves  of  liquid-gas  and  of  sol- 
solvent  display  so  close  an  analogy,  the  isothermal  curves  would 
closely  resemble  each  other. 

anting  then  that  this  is  the  case,  we  may  construct  an  imaginary 
ermal  curve  on  the  model  of  the  curve  for  alcohol  published  in  the 
Trans,  by  Dr.  Sydney  Young  and  myself.  Now,  in  one  series  of 
rs  on  the  liquid-gas  relations,  we  showed  that  with  constant  volume 
ure  is  a  linear  function  of  temperature;  and  we  were  thus  able  to 
late  approximately  the  pressures  and  volumes  for  any  isothermal 


mI  before  the  K(»yal  Society  on  Thursday,  March  5, 1891.     'From  SatHre,  Ajiril 

I;  vol.  XLiii,  pp.  589,  590.) 
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representing  the  continuous  transition  fi-om  the  gaseous  to  the  liquJcj 
state  (see  Phil  Mag.,  1887,  vol.  xxiii,  i).  435).    It  would  be  interesting 
to  ascertain  whether,  if  concentration  )je.  kept  constant,  osmotic  pres- 
sure  would  also  show  itself  to  be  a  linear  function  of  temperatura 
But  this  apart,  it  appears  in  the  highest  degree  probable  that  there 
should  also  exist,  in  theory  at  least,  a  continuous  transition  from  solvent 
to  solvent,  the  rex)resontation  of  which  would  be  a  continuous  cuire. 
In  such  a  case,  on  increasing  the  concentration  of  the  solution  by  elimi- 
nating one  solvent,  the  other  solvent  should  not  separate  Aisibly,  but 
the  two  should  remain  mixed  until  one  solvent  has  been  entirely  re« 
moved.    The  accompanying  diagram  (Fig.  1)  will  make  this  clear.   The 
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sinuous  curve  ABODE  may  represent  either  continuous  change  froiD 
gas  to  liquid  along  an  isotliermal  on  decrease  of  volume,  or  it  may 
represent  a  similar  continuous  change  from  saturated  solution  to  diS' 
solved  substance  on  increase  of  concentration. 

Mr.  Aitken's  experiments  on  the  cooling  of  air  containing  water- 
vapor  have  shown  us  that  it  is  possible  to  realize  a  portion  of  the  curve 
AB]  the  phenomenon  of  "boiling  with  bumping"  constitutes  a  pnvctical 
realization  of  a  portion  of  the  curve  D  E;  and  we  may  profitably  inquire 
what  conditions  determine  such  unstable  states  with  solvent  aud  sol- 
vent. 

Regarding  the  portion  of  the  curve  A  B^l  think  that  no  reasonable 
doubt  can  be  entertained.  It  precisely  corresponds  to  the  condition  of 
super-saturation.  In  the  liquid-gas  curve  the  volume  is  decreased  »^ 
constant  temperature  without  separation  of  liquid;  in  the  solvent-sol 
vent  curve  the  concentration  is  increased  without  separation  of  the 
solvents.  Dr.  Nicol  has  shown  that  it  is  possible  to  dissolve  dry  sodium 
sulphate  in  a  saturated  solution  of  sodium  sulphate  to  a  very  consider 
able  extent  without  inducing  crystallization;  and,  here  we  have  a  reali 
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zation  of  the  unstable  portion  of  the  curve  A  B.  In  the  gas-liquid  curve 
pressure  falls  with  formation  of  a  shower  of  drops;  in  the  solvent-sol- 
vent curve  crystallization  ensues  and  the  solvents  separate.  The 
pheDomena  are  however  not  completely  analogous;  the  complete  anal- 
ogy would  be  if  the  temperature  were  so  low  that  the  substance  in  the 
liquid-gas  couple  were  to  separate  in  the  solid,  not  in  the  liquid,  state. 
This,  so  far  as  I  am  aware,  has  not  been  experimentally  realized,  but 
one  sees  no  reason  why  it  should  not  be  possible. 

I  have  some  hesitation  in  offering  speculations  as  to  the  state  of 
matter  at  the  i)ortion  of  the  continuous  curve  D  U.  It  may  be  that  it 
corresponds  to  a  syrupy  or  viscous  state.  Cane  sugar  at  the  moderate 
temperature  dissolves  water;  indeed  it  is  possible  to  obtain  a  solution 
of  1  per  cent  of  water  in  molten  cane  sugar.  And  such  a  solution,  if 
qui(My  cooled,  remains  a  syrup.  But  it  can  be  induced  to  crystallize 
by  the  presence  of  crystals.  Thus,  in  such  a  mixture  of  sugar  and 
water  a  few  gi*ains  of  crystalline  sugar  cause  the  whole  mass  to  crystal- 
lize, and  Tvater  saturated  with  sugar,  and  sugar,  separate  into  two  layers. 
Here  again  a  complete  analogy  fails  us,  for  it  is  a  solid  which  separates. 
As  we  know  nothing  of  the  osmotic  pressure  of  a  syrup,  the  analogy  is 
a  defective  one;  but  it  is  probable  that  a  dilute  solution  of  sugar  would 
pass  continuously  into  a  syrup  of  pure  sugar  by  evaporation  of  the  sol- 
vent, and  analogy  would  lead  to  the  supposition  that  the  syrup  coin- 
cides with  the  unstable  state  of  the  liquid.  I  would  therefore  offer  the 
analogy  between  the  syruppy  and  the  super-cooled  states  as  a  tentative 
one;  it  lacks  foundation  in  both  cases. 

One  point  remains  to  be  mentioned.    I  have  for  the  past  nine  months, 

■  

in  conjunction  with  Mr.  Edgar  Perman,  been  determining  the  adiabatic 
relations  for  liquid  and  gaseous  ether:  the  rise  of  pressure  and  tempera- 
^re  when  volume  is  decreased  without  the  escape  of  heat.  It  is  ob- 
vious  that  similar  relations  are  determinable  for  solutions,  and  probably 
^ith  much  greater  facility.  M.  Alexeeflf  has  made  some  measurements 
vhich  might  be  utilized  for  this  purpose,  but  they  are  far  too  few  in 
number,  and  moreover,  the  necessary  data  as  regards  osmotic  pressure 
we  wholly  wanting.  It  would  be  x)0S8ible,  by  a  series  of  different  ex- 
periments, to  ascertain  the  evolution  of  heat  on  increasing  concentra- 
tion, and  so  to  arrive  at  a  knowledge  of  the  specific  heats  of  the  solu- 
tion at  constant  osmotic  pressure,  corresponding  to  the  idea  of  specific 
heats  at  constant  pressure;  and  also  of  specific  heats  at  constant  concen- 
^ation,  corresponding  to  specific  heats  at  constant  volume.  I  do  not 
know  whether  such  researches  would  yield  as  accurate  results  as  those 
^e  are  at  present  carrying  out,  but  they  are  at  least  well  worthy  of  at- 
tention. 


I 


LIQUIDS  AND  GASES.* 


By  Prof.  William  Ramsay,  F.  R.  S. 


llmost  exactly  twenty  years  ago,  on  June  2, 1871,  Dr.  Andrews,  of 
Ifast,  delivered  a  lecture  to  the  members  of  the  Royal  Institution 
this  hall,  on  "The  Continuity  of  the  Gaseous  and  the  Liquid  States 
Matter."  He  showed  in  that  lecture  an  exi)erlment  which  I  had  best 
icribe  in  his  own  words: 

*Take,  for  example,  a  given  volume  of  carbonic  acid  at  50^0.,  or  at 
ligher  temperature,  and  expose  it  to  increasing  pressure  till  150 
Qospheres  have  been  reached.  In  the  process,  its  volume  will  steadily 
uinish  as  the  pressure  augments;  and  no  sudden  dimunition  of 
lime,  without  the  application  of  external  pressure,  will  occui*  at  any 
ge  of  it.  When  the  full  pressure  has  been  applied,  let  the  tempera- 
e  be  allowed  to  fall,  until  the  carbonic  acid  has  reached  the  ordinary 
iperature  of  the  atmosphere.  During  the  whole  of  this  operation, 
break  of  continuity  has  occurred.  It  begins  with  a  gas,  and  by  a 
ies  of  gradual  changes,  presenting  nowhere  any  abrupt  alterations 
^*olume,  or  sudden  evolution  of  heat,  it  ends  with  a  liquid.  For  con- 
iience,  the  process  has  been  devided  into  two  stages — the  compress- 
or the  carbonic  acid,  and  its  subsequent  cooling.  But  these  opera- 
^s  might  have  been  performed  simultaneously,  if  care  were  taken  so 
Eixrange  the  application  of  the  pressure  and  the  rat^  of  cooling  that 
'  pressure  should  not  be  less  than  76  atmospheres  when  the  carbonic 
cl  had  cooled  to  31oC." 

am  able,  through  the  kindness  of  Dr.  Letts,  Dr.  Andrews's  succes- 
at  Belfast,  to  show  you  this  experiment,  with  the  identical  piece  of 
[>aratu8  used  on  the  occasion  of  the  lecture  twenty  years  ago. 
[  must  ask  you  to  spend  some  time  to-night  in  considering  this 
"iarkable  behavior;  and,  in  order  to  obtain  a  correct  idea  of  what 
-urs,  it  is  well  to  begin  with  the  study  of  gases,  not,  as  in  the  case 
a  have  just  seen,  exposed  to  high  pressures,  but  under  pressures  not 
fering  greatly  from  that  of  the  atmosphere,  and  at  t«mi)eratnres 
'ich  can  be  exactly  regulated  and  measured.  To  many  here  to-night, 
tJh  a  study  is  unnecessary,  owing  to  its  familiarity;  but  I  will  ask 
ch  of  my  audience  to  excuse  me,  in  order  that  I  may  tell  my  story 
>m  the  beginning. 


*  I^ecture  deHvered  at  the  Royal  iDstitutioD;  on  Friday,  May  8.     (From  Naturef 
ly  23, 1991;  vol.  xuv,  pp.  274^277.) 
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Generally  speaking,  a  gas,  when  compressed,  decrease's  in  volam 
to  an  amount  equal  to  that  by  which  its  pressure  is  raised,  provide^ 
its  temperature  be  kept  constant.  This  was  discovered  by  Eobei 
Boyle  in  1660;  in  1661  he  presented  to  the  Royal  Society  a  Latin  tran 
lation  of  his  book,  ^'  Touching  the  Spring  of  the  Air  and  its  Efi'eetd 
His  words  are: 

^<It  is  evident,  that  as  common  air,  when  reduced  to  half  its  nators 
extent,  obtained  a  spring  about  twice  as  forcible  as  it  had  before;  ^ 
the  air,  being  thus  compressed,  being  further  crowded  into  half  thi 
narrow  room,  obtained  a  spring  as  strong  again  as  that  it  last  had,  anc 
consequently  four  times  as  strong  as  that  of  common  air.'' 

To  illustrate  this,  and  to  show  how  such  relations  may  be  expressed 
by  a  curve,  I  will  ask  your  attention  to  this  model.  We  have  a 
piston^  fitting  a  long  horizontal  glass  tube.  It  confines  air  under  the 
jiressure  of  the  atmosphere — that  is,  some  15  pounds  on  each  square 
inch  of  area  of  the  piston.  The  pressure  is  supposed  to  be  registered 
by  the  height  of  the  liquid  in  the  vertical  tube.  On  increasing  the 
volume  of  the  air,  so  as  to  double  it,  the  pressure  is  decreased  to  hdi 
its  original  amount.  On  decreasing  the  volume  to  half  its  original 
amount,  the  pressure  is  doubled.  On  again  halving,  the  pressure  i£ 
again  doubled.  Thus  you  see  a  curve  may  be  traced,  in  which  the 
relation  of  volume  to  pressure  is  exhibited.  Such  a  curve,  it  may  b€ 
remarked  incidentally,  is  termed  an  hyperbola. 

We  can  repeat  Boyle's  experiment  by  pouring  mercury  into  the  opec 
limb  of  this  tube  containing  a  measured  amount  of  air;  on  caasin^ 
the  level  of  the  mercury  in  the  open  limb  to  stand  30  inches  (that  i» 
the  height  of  the  barometer)  higher  in  the  open  limb  than  the  closec 
limb,  the  pressure  ot  the  atmosphere  is  doubled,  and  the  volume  i^ 
halved.  And  on  trebling  the  pressure  of  the  atmosphere  the  volume 
is  reduced  to  one- third  of  its  original  amount;  and  on  adding  anothei 
30  inches  of  mercury,  the  volume  of  the  air  is  now  one-quarter  of  tha»^ 
which  it  originally  occupied. 

It  must  be  remembered  that  here  the  temperature  is  kept  constant ; 
that  it  is  the  temperature  of  the  surrounding  atmosphere. 

Let  us  next  examine  the  behavior  of  a  gas  when  its  temperature  i* 
altered,  when  it  becomes  hotter.  This  tube  contains  a  gas — iur— con- 
fined at  atmospheric  pressure  by  mercury,  in  a  tube  surrounded  by  ^ 
jacket  or  mantle  of  glass,  and  the  vapor  of  boiling  water  can  be  h\o^^ 
into  the  space  between  the  mantle  and  the  tube  containing  the  air,  so  a^ 
to  heat  the  tube  to  100°  0,  the  temperature  of  the  steam.  The  tempera- 
ture of  the  room  is  17°  C,  and  the  gas  occupies  290  divisions  of  the  scale- 
On  blowing  in  steam,  the  gas  expands,  and  on  again  equalizing  pres- 
sure, it  stands  at  373  divisions  of  the  scale.  The  gas  has  thus  exi>anded 
from  290  to  373  divisions,  t.  c,  its  volume  has  increased  by  83  divisions; 
and  the  temperature  has  risen  from  17^  to  100^^  t.  e.,  through  83°C. 
This  law  of  the  expansion  of  gases  was  discovered  almost  simultaD^ 
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ously  by  Dalton  aud  Gay-Lussac  in  1801 ;  it  usually  goes  by  the  uaine 

of  Gay-Lussac's  law.    Now,  if  we  do  not  allow  the  volume  of  the  gas  to 

increase,  we  shall  find  that  the  pressure  will  increase  in  the  same  pro- 

portion  that  the  volume  would  have  increased  had  the  gas  been  allowed 

to  expand,  the  pressure  having  been  kept  constant.    To  decrease  the 

volmne  of  the  gas,  then,  according  to  Boyle's  law,  will  require  a  higher 

initial  pressure;  and  if  we  were  to  represent  the  results  by  a  curve, 

we  should  get  an  hyperbola,  as  before,  but  one  lying  higher  as  regards 

pressures.    And  so  we  should  get  a  set  of  hyperbolas  for  higher  and 

higher  temperatures. 

We  have  experimented  up  to  the  present  with  air — a  mixture  of  two 
gases,  oxygen  and  nitrogen ;  and  the  boiling  points  of  both  of  these  ele- 
ments lie  at  very  low  temperatures:  —184°  C.  and  — 193o.l  C,  respect- 
ively. The  ordinary  atmospheric  temperature  lies  a  long  way  above  the 
boiling  points  of  liquid  oxygen  and  liquid  nitrogen  at  the  ordinary  at- 
mospheric pressure.  But  it  is  open  to  us  to  study  a  gas,  which,  at  the 
ordinary  atmospheric  temperature  and  pressure,  exists  in  the  liquid 
state;  and  for  this  puri^ose  I  shall  choose  water  gas.  In  order  that  it 
may  be  a  gas  at  ordinary  atmospheric  pressure,  however,  we  must  heat 
it  to  a  temperature  above  100^  C.,  its  boiling  point.  This  tube  contains 
water  gas  at  a  temperature  of  105o  C;  it  is  under  ordinary  pressure, 
for  the  mercury  ex)lumns  are  at  the  same  level  in  both  the  tubes  and 
in  this  reservoir,  which  communicates  with  the  lower  end  of  the  tube 
by  means  of  the  india-rubber  tubing.  The  temperature  105°  is  main- 
tained by  the  vapor  of  chloro-benzene,  boiling  in  the  bulb  sealed  to  the 
jacket,  at  a  pressure  lower  than  that  of  the  atmosphere. 

Let  us  now  examine  the  effect  of  increasing  pressure.  On  raising 
the  reservoir  the  volume  of  the  gas  is  diminished,  as  usual,  and  nearly 
in  the  ratio  given  by  Boyle's  law;  that  is,  the  volume  decreases  in  the 
8*nie  proportion  as  the  pressure  increases.  But  a  change  is  soon  ob- 
served; the  pressure  soon  ceases  to  rise;  the  distance  between  the 
mercury  in  the  reservoir  and  that  in  the  tube  remains  constant,  and 
^.be  gas  is  now  condensing  to  liquid.  The  pressure  continues  constant 
during  this  change,  and  it  is  only  when  all  the  water  gas  has  condensed  to 
liquid  water  that  the  pressure  again  rises.  After  all  the  gas  is  condensed 
*u  enormous  increase  of  pressure  is  necessary  to  cause  any  measurable 
decrease  in  volume,  for  liquid  water  scarcely  yields  to  pressure,  and  in 
*^ch  a  tube  as  this  no  measurements  could  be  attempted  with  success. 
Representing  this  diagrammatically,  the  right-hand  part  of  the  curve 
^presents  the  compression  of  the  gas,  and  the  curve  is,  as  before, 
nearly  a  hyx)erbola.  Then  comes  a  break,  and  great  decrease  in 
Volume  occurs  without  rise  of  pressure,  represented  by  a  horizontal 
*ine;  the  substance  in  the  tube  here  consists  of  water  gas  in  presence 
^f  water;  the  vertical,  or  nearly  vertical  line  represents  the  sudden 
*Dd  great  rise  of  pressure,  where  liquid  water  is  being  slightly  com- 
pressed. The  pressure  registered  by  the  horizontal  line  is  termed  the 
H.  Mis.  114 ^20 
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"vapor- pressure"  of  water.  If  now  tbe  temperature  were  raised  t 
llQo  C,  we  should  have  a  greater  initial  volume  for  the  water  gas;  it : 
compressible  by  rise  of  the  mercury  as  before,  the  relation  of  pressua 
to  volume  being,  as  before,  represented  on  the  diagram  as  an  appro 
mate  hyperbola;  and  as  before,  condensation  occurs  when  vohim© 
suflBciently  reduced,  but  this  time  at  a  higher  pressure.  We  ba\ 
again  a  horizontal  portion,  representing  the  pressure  of  water  gas  a 
110°  C.  in  contact  with  liquid  water;  again,  a  shai*p  angle  where  ali 
gaseous  water  is  condensed,  and  again  a  very  steep  curve,  almost  a 
straight  line,  representing  the  slight  decrease  of  volume  of  water  pro- 
duced by  a  great  increase  of  pressure.  And  we  should  have  similar 
lines  for  120°,  130o,  140°,  150°  C,  and  for  all  temperatures  within  certain 
limits.  Such  lines  are  called  isothermal  lines,  or  shortly  "  isothermals,'* 
or  lines  of  equal  temperature,  and  represent  the  relations  of  pressure 
to  volume  for  different  temperatures. 

Dr.  Andrews  made  similar  measurements  of  the  relations  between 
the  pressures  and  volumes  ol*  carbon  dioxide,  at  pressures  much  higher 
than  those  I  have  shown  you  for  water.  But  I  prefer  to  si)eak  to  you 
about  similar  results  obtained  by  Prof.  Sydney  Young  and  myself  with 
ether,  because  Dr.  Andrews  was  unable  to  work  with  carbon  dioxide 
free  from  air,  and  that  influenced  his  results.  For  example,  you  see 
that  the  meeting  points  of  his  hyperbolic  curves  with  the  straight  lines 
of  vapor  pressures  are  curves,  and  not  angles;  that  is  caused  by  the 
presence  of  about  1  part  of  air  in  500  parts  of  carbon  dioxide;  also  the 
condensation  of  gas  was  not  perfect,  for  he  obtained  curves  at  the 
points  of  change  from  a  mixture  of  liquid  and  gas  to  liquid.  W< 
however  were  more  easily  able  to  fill  a  tube  with  ether  free  from  air 
and  you  will  notice  that  the  points  I  have  referred  to  are  angles,  nol 
curves. 

Let  me  first  direct  your  attention  to  the  shapes  of  the  curves  in  th< 
diagram.  As  the  temperature  rises  the  vapor-pressure  lines  lie  a1 
higher  and  higher  pressures,  and  the  lines  themselves  become  shortei 
and  shorter.  And  finally,  at  the  temperature  of  31^  C.  for  carbon  di 
oxide,  and  at  195°  C.  for  ether,  there  ceases  to  be  a  horizontal  portioii 
at  allj  or  rather  the  curve  touches  the  horizontal  at  one  point  in  itfi 
course.  That  point  corresponds  to  a  definite  temperature,  195°  C.  foi 
ether;  to  a  definite  pressure,  27  meters  of  mercury,  or  35.6  atmos- 
pheres; and  to  a  definite  volume,  4.06  cubic  centimeters  per  gramo^ 
ether.  At  that  point  the  ether  is  not  liquid,  and  it  is  not  gas;  it  is  a 
homogeneous  substance.  At  that  temperature  ether  has  the  appear- 
ance of  a  blue  mist ;  the  stride  mentioned  by  Dr.  Andrews  and  by 
other  observers  are  the  result  of  unequal  heating,  one  portion  of  the 
substance  being  liquid  and  another  gas.  You  see  the  appearance  of 
this  state  on  the  screen. 

When  a  gas  is  compressed  it  is  heated.  Work  is  done  on  the  gas, 
^nd  its  temperature  rises.    If  I  compress  the  air  in  this  sjrringe  forc4- 
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bly  its  temperature  rises  so  high  that  I  can  set  a  piece  of  tinder  on 
fire  and  by  its  help  explode  a  little  gunpowder.  If  the  ether  at  its 
critical  point  be  compressed  by  screwing  in  the  screw,  it  is  somewhat 
warmed  and  the  blue  cloud  disappears.  Conversely,  if  it  is  expanded 
a  little  by  unscrewing  the  screw  and  increasing  its  volume,  it  is  cooled 
and  a  dense  mist  is  seen,  accompanied  by  a  shower  of  ether  rain- 
This  is  seen  as  a  bhwtk  fog  on  the  screen. 

I  wish  also  to  direcrt  your  attention  to  what  happens  if  the  volume 
given  to  the  ether  is  greater  than  the  critical  volume — on  increasing 
the  volume  you  see  that  it  boils  away  and  evaporates  completely;  and 
also  what  happens  if  the  volume  be  somew^hat  less  than  the  critical 
volume — it  then  expands  a^s  li(iuid  and  completely  fills  the  tube.  It  is 
only  at  the  critical  volume  and  temperature  that  the  ether  exists  in  the 
state  of  blue  cloud,  and  has  its  critical  pressure.  If  the  volume  be 
too  great,  the  pressure  is  below  the  critical  pressure;  if  too  small,  the 
pressiu'e  is  higher  than  the  critical  pressure. 

Still  one  more  point  before  we  dismiss  this  experiment.  At  a  tem- 
perature some  degrees  below  the  critical  temperature,  the  meniscus, 
».  e,j  the  surface  of  the  liquid,  is  curved.  It  has  a  skin  on  its  surface; 
its  molecules,  as  Lord  Rayleigh  has  rec^ently  explained  in  this  room, 
attract  one  another,  and  it  exhibits  surface  tension.  Eaise  the  tem- 
perature and  the  meniscus  grows  flatter;  raise  it  further,  and  it  is 
nearly  flat  and  almost  invisible;  at  the  critical  temperature  it  disap- 
pears, having  first  become  quite  flat.  Surface  tension  therefore  dis- 
appears at  the  critical  point.  A  li([uid  would  no  longer  rise  in  a  nar- 
row capillary  tube;  it  would  stand  at  the  same  level  outside  and  inside. 

It  was  suggested  by  Prof.  James  Thomson,  and  by  Prof.  Clausius 
about  the  same  time,  that  if  the  ideal  state  of  things  were  to  exist,  the 
passage  from  the  liquid  to  the  gaseous  state  should  be  a  continuous 
one,  not  merely  at  and  above  the  critical  point,  but  below  that  temper- 
ature. And  it  was  suggested  that  the  curves,  shown  in  the  figure,  in- 
stead of  breaking  into  the  straight  line  of  vapor  pressure,  should  con- 
tinue sinuously.    Let  us  see  what  this  conception  would  involve. 

Ou  (lecreiising  the  volume  of  a  gas,  it  should  not  liquefy  at  the  point 
Diarked  B  on  the  diagram  (Fig.  2),  but  should  still  decrease  in  volume 
on  increase  of  pressure.  This  decrease  should  continue  until  the  point 
^  is  reached.  The  anomalous  state  of  matters  should  then  occur,  that  a 
decrease  in  volume  should  be  accompanied  by  a  decrease  of  pressure. 
In  order  to  lessen  volume,  the  gas  must  be  exposed  to  a  continually  di- 
^ishing  pressure.  But  such  a  condition  of  matter  is  of  its  nature 
instable,  and  has  never  been  realized.  After  volume  has  been  de- 
J^eased  to  a  certain  i)oint,  F,  decrease  of  volume  is  again  attended  by 
increase  of  pressure,  and  the  last  part  of  the  curve  is  continuous  with 
the  realizable  curve  representing  the  compression  of  the  liquid,  above  D. 

Dr,  Sydney  Young  and  X  succeeded,  by  a  method  w^hich  I  shi\ll 
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briefly  describe,  iu  mapping  the  actual  positiou  of  the  unrealizable  p»< 
tions  of  the  curve.  They  have  the  form  pictured  in  this  figure.  The  x:-. 
from  the  gaseous  state  is  a  gradual  one^but  the  fall  from  the  liquid  stat 
is  abrupt. 

360001 MM  I    \\  \ n r- 

34000  ~ 
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Consider  the  volume  14  cubic  centimeters  per  gram  on  the  figure 
The  equi- volume  vertical  line  cuts  the  isothermal  lines  for  the  temper 
atures  175o,  180^,  18oo,  190°,  and  so  on,  at  certain  definite  pressures 
which  may  be  read  from  a  properly-constructed  diagram.  We  can  ma] 
the  course  of  lines  of  equal  volume,  of  which  the  instance  given  is  on( 
using  temperatures  as  ordinates  and  pressures  as  abscissae.  We  ca 
thus  find  the  relations  of  temperature  to  pressure  for  certain  definit 
volumes,  which  we  may  select  to  suit  our  convenience — say  2  c.c.  p< 
gram;  3,  4,  5,  6,  and  so  on.  Now,  all  such  lines  are  straight — ^thati 
the  relation  of  pressure  to  temperature,  at  constant  volume,  is  one  of  tl 
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)le«t;  pressure  is  a  linear  function  of  temperature.  Expressed 
bematically — 

re  b  and  a  are  constants,  depending  on  the  volume  chosen,  and 
ring  with  each  volume.  But  a  straight  line  may  be  extrapolated 
lout  error 5  and  so,  having  found  values  for  a  and  b  for  such  a 
ime  as  6  c.c.  per  gram,  by  help  of  experiments  at  temperatures 
ler  than  195°,  it  is  possible  by  extrapolation  to  obtain  the  pressures 
•esponding  to  tempei*atures  below  the  critical  point  195^  by  simple 
tns.  But  below  that  temperature  the  substance  at  volume  6  is  in 
ctice  partly  liquid  and  partly  gas.  Yet  it  is  possible  by  such  means 
.scertain  the  relations  of  pressure  to  temperature  for  the  unreaUz- 
portion  of  the  state  of  a  liquid — that  is,  we  can  deduce  the  pressure 
temperature  corresponding  to  a  continous  change  from  liquid  to 
.  And  in  this  manner  the  sinuous  lines  on  the  figure  have  been 
stracted. 

t  is  possible  to  realize  experimentally  certain  portions  of  such  con- 
10U8  curves.  If  we  condense  all  gaseous  ether  and,  when  the  tube 
ompletely  filled  with  liquid,  carefully  reduce  pressui-e,  the  pressure 
r  be  lowered  considerably  below  the  vapor  pressure  corresponding 
he  temperature  of  ebullition,  without  any  change  further  than  the 
ht  expansion  of  the  liquid  resulting  from  the  reduction  of  pres- 
B-«an  expansion  too  small  to  be  seen  with  this  apparatus.  But  on 
I  further  reducing  pressure,  sudden  ebullition  occurs,  and  a  i)ortion 
ie  liquid  suddenly  changes  into  gas,  while  the  pressure  rises 
ekly  to  the  vapor  pressure  corresponding  to  the  temperature.  If  we 
successful  in  expelling  all  air  or  gas  from  the  ether  in  filling  the 
e,  a  considerable  portion  of  this  curve  can  be  experimentally  realized, 
he  first  notice  of  this  appearance,  or  rather  of  one  owing  its  exist- 
eto  a  precisely  similar  cause,  is  due  to  Hooke,  the  celebnited  con- 
iporary  of  Boyle.  It  is  noted  in  the  iiccount  of  the  Proceeaings  of 
Royal  Society  on  November  6,  1672,  that  "Mr.  Hooke  read  a  dis- 
rse  of  his,  containing  his  thoughts  of  the  experiment  of  the  quick- 
er's  standing  top  full,  and  far  above  the  height  of  29  inches,  to- 
ber  with  some  experiments  made  by  him,  in  order  to  determine  the 
se  of  this  strange  phenomenon.  He  was  ordered  to  prepare  those 
eriments  for  the  view  of  the  Society. ''  And  on  November  13  "the 
eriment  for  the  high  suspension  of  quicksilver  being  called  for,  it 
found  that  it  had  failed.  It  was  ordered  that  thicker  glasses 
aid  be  provided  for  the  next  meeting. "' 

here  can  be  no  doubt  that  this  l)ehavior  is  caused  by  the  attrac- 
of  the  molecules  of  the  liquid  for  each  other.  And  if  the  tempera- 
i  be  suflSciently  low,  the  pressure  may  be  so  reduced  that  it  becomes 
itive — that  is,  until  the  liquid  is  exposed  to  a  strain  or  pull,  as  is 
mercury.  This  has  been  experimentally  realized  by  M.  Berthelot 
by  Mr.  Worthington,  the  latter  of  whom  has  succeeded  in  strain- 
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in^  alcohol  at  the  ordinary  temperature  with  a  i)ull  equivalent  t^ 
negative  pressure  of  25  atmospheres,  by  completely  filliiijji'  a  bulb  m 
alcohol,  and  then  cooling  it.  The  alcohol  in  contracting  strains  i 
bulb  inwards;  and  linally,  when  the  tension  becomes  very  great,  paj 
from  the  glass  with  a  sharp  '^ click." 

To  realize  a  i)ortion  of  the  other  bend  of  the  curve,  an  experiment  b; 
been  devised  by  Mr.  John  Aitken.  It  is  as  follows:  If  an— tbat 
space,  for  the  air  plays  a  secondary  part — saturated  with  moisture  1 
cooled,  the  moisture  will  not  deposit  unless  there  are  dust  particles  ( 
which  condensation  can  take  place.  It  is  not  at  first  evident  how  tb 
corresponds  to  the  compressing  of  a  gas  without  condensation.  But 
glance  at  the  figure  will  render  the  matter  plain.  Consider  the  isotb( 
mal  1750  C.  for  ether  at  the  point  marked  A.  If  it  were  possible  to  low 
the  temperature  to  160^  C.  without  condensation,  keeping  volume  eo 
stant,  the  pressure  would  fall,  and  the  gas  would  then  be  in  the  sta 
represented  on  the  isothermal  line  160°  at  O, — that  is,  it  would  be 
the  same  condition  as  if  it  had  been  compressed  without  condensatic 

You  saw  that  a  gas,  or  a  liquid,  is  heated  by  compression ;  a  piece 
tinder  was  set  on  fire  by  the  heat  evolved  on  compressing  air.  Y 
saw  that  condensation  of  ether  was  brought  about  by  diminution 
pressure — that  is,  it  was  cooled.  Now,  if  air  be  suddenly  expand 
it  will  do  work  against  atmospheric  pressure  and  will  cool  itself.  Tl 
globe  contains  air;  but  the  air  has  been  filtered  carefully  through  » 
ton-wool,  with  the  object  of  excluding  dust  particles.  It  is  satiu^at 
with  moisture.  On  taking  a  stroke  of  the  pump,  so  as  to  exhaust  t 
air  in  the  globe,  no  change  is  evident;  no  condensation  has  occurn 
although  the  air  has  been  so  cooled  that  the  moisture  should  condei 
were  it  possible.  On  repeating  the  operation  with  the  same  glol 
after  admitting  dusty  air — ordinary  air  from  this  room — a  slight  1 
is  produced,  and,  owing  to  the  light  behind,  a  circular  rainbow 
seen;  a  slight  shower  of  rain  has  taken  place.  There  are  conipa: 
tively  few  dust  particles,  because  only  a  little  dusty  air  has  been  i 
mitted.  On  again  repeating  the  fog  is  denser;  there  are  more  ps 
tides  on  which  moisture  may  condense. 

One  point  more  and  I  have  done.  Work  is  measured  by  the  distan 
or  height  through  which  a  weight  can  be  raised  against  the  Ibrce 
gravity.  The  British  unit  of  work  is  a  foot-pound — that  is,  a  poffi 
raised  through  1  foot;  that  of  the  metric  system  is  I  gram  rais 
through  1  centimeter.  If  a  pound  be  raised  through  2  feet  twice 
much  Avork  is  done  as  that  of  raising  a  pound  through  1  foot,  and 
amount  equal  to  that  of  raising  2  pounds  through  1  foot.  The  nieasi 
of  work  is  therefore  the  weight  multiplied  by  the  distance  throu 
which  it  is  raised.  When  a  gas  expands  against  i)re^sure  it  does  woi 
The  gas  may  be  supposed  to  be  confined  iu  a  vertical  tube  and  to  p 
pel  a  piston  upward  against  the  pressure  of  the  atmospheie.  If  sc 
a  tube  has  a  sectional  area  of  1  square  centimeter,  the  gas  iu  expai 
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ing  a  centimeter  up  the  tube  lifts  a  weight  of  nearly  1,000  grams  through 
1  ceutiineter,  for  the  pressure  of  the  atmostphere  on  a  square  centi- 
meter of  surface  is  nearly  1,000  grams — that  is,  it  does  1,000  units  of 
work,  or  ergs.  So  the  work  done  by  a  gas  in  expanding  is  measured 
by  the  change  of  volume  multiplied  by  the  pressure.  On  the  figure,  the 
change  of  volume  is  measured  horizontally,  the  change  of  pressure  ver- 
tically. Hence  the  work  done  is  equivalent  to  the  area  A  B  C  D  on 
the  figure. 

If  liquid  as  it  exists  at  A  change  to  gas  as  it  exists  at  J5,  the  sub- 
stance changes  its  volume  and  may  be  made  to  do  work.  This  is 
familiar  in  the  steam  engine,  where  work  is  done  by  water  expanding 
to  steam  and  so  increasing  its  volume.  The  pressure  does  not  alter 
during  this  change  of  volume  if  sufficient  heat  be  supplied;  hence  the 
work  done  during  such  a  change  is  given  by  the  rectangular  area. 

Suppose  that  a  man  is  conveying  a  trunk  up  to  the  first  story  of  a 
bouse;  he  may  do  it  in  two  (or,  perhaps,  a  greater  number  of)  ways.  He 
may  put  a  ladder  up  to  the  drawing-room  window,  shoulder  his  trunk, 
and  deposit  it  directly  on  the  first  floor;  or  he  may  go  down  the  area 
stairs,  pass  through  the  kitchen,  up  the  kitchen  stairs,  up  the  first 
flight,  up  the  second  flight,  and  down  again  to  the  first  story.  The  end 
result  is  the  same;  and  he  does  the  same  amount  of  work  in  both  cases 
so  far  as  conveying  the  weight  to  a  given  height  is  concerned,  because 
in  going  down  stairs  he  has  actually  allowed  work  to  be  done  on  him 
by  the  descent  of  the  weight. 

^ow,  the  liquid  in  expanding  to  gas  begins  at  a  definite  volume;  it 
evaporates  gradually  to  gas  without  altering  pressure,  heat  being,  of 
(^Hirse,  communicated  to  it  during  the  change,  else  it  would  cool  itself; 
iiiid  it  finally  ends  as  gas.  It  increases  its  volume  by  adefinite  amount 
^t  a  definite  pressure,  and  so  does  a  definite  amount  of  work.  This 
^ork  might  be  utilized  in  driving  an  engine. 
But  if  it  pass  continuously  from  liquid  to  gas,  the  starting  point  and 
•  the  end  point  are  both  the  same  as  before.  An  equal  amount  of  work 
iias  been  done :  but  it  has  been  done  by  going  down  the  area  stair  (as 
it  were),  and  over  the  round  I  described  before. 

It  is  clear  that  a  less  amount  of  work  has  been  done  on  the  left-hand 

»ide  of  the  figure  than  was  done  before,  and  a  greater  amount  on  the 

right-hand  side;  and  if  I  have  made  my  meaning  clear  you  will  see 

that  as  much  less  has  been  done  on  the  one  side  as  more  has  been 

done  on  the  other — that  is,  that  the  urea  of  the  figure  B  E  Rmn»t  be 

equal  to  that  of  the  figure  A  F  H,    Dr.  Young  and  I  have  tried  this 

experimentally — that  is,  by  measuring  the  calculated  areas — and  we 

found  them  to  be  equal. 

This  can  be  shown  to  you  easily  by  a  simple  device,  namely,  taking 
them  out  and  weighing  them.  As  this  diagram  is  an  exact  represen- 
tiition  of  the  results  of  our  experiments  with  ether  the  device  can  be 
put  in  practice.    We  can  detach  these  areas,  which  are  cut  out  in  tin, 
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nad  plac-e  oue  in  each  of  this  pair  of  Hcales  and  they  balance.  Th* 
fact  that  a,  number  of  areas  tliun  measured  gave  tlie  tbeoretioal  result, 
of  itself  furnishes  a  strong  support  of  the  justice  of  the  couclaaions  w~ 
drew  as  regards  the  forms  of  these  curves. 

To  attempt  to  explain  the  reasons  of  tlua  behavior  would  take  mon; 
time  than  can  be  given  to-night;  moreover,  to  tell  the  truth,  we  ilo  nc: 
know  them.  But  we  have  at  least  partial  knowledge  and  we  ma_ 
hope  that  investigations  at  present  being  carried  out  by  Prof.  Ttm 
may  give  us  a  clear  idea  of  the  nature  of  the  matter  and  of  the  fore  -• 
whicth  a«t  on  it,  :ind  with  which  it  acts,  during  the  continuoue  <;han^ 
from  gas  to  liquid. 


I^EESENT  PROBLEMS  IN  EVOLUTION  AND  HEREDITY.* 


By  Heney  Fairfield  Osborn. 


In  the  past  decade  of  practical  research  and  speculation  in  biology, 
two  subjects  have  oustripped  in  interest  and  importance  the  rapid  prog- 
-  less  all  along  the  line.  These  are,  first,  the  life  history  of  the  repro- 
ductive cell  from  its  infancy  in  the  ovum  onward,  and  second,  the 
associated  problem  of  heredity,  which  passes  insensibly  from  the  field 
of  direct  observation  into  the  region  of  pure  speculation. 

As  regards  the  cell  it  was  generally  believed  that  the  nucleus  was  an 
arcanum  into  the  mysteries  of  which  we  could  not  far  penetrate;  but 
this  belief  has  long  been  dispelled  by  the  eager  specialist,  and  it  is  no 
exaggeration  to  say  that  we  now  know  more  about  the  meaning  of  the 
nucleus  than  we  did  about  the  entire  cell  a  few  years  ago.  At  that 
time  the  current  solution  of  the  heredity  problem  was  a  purely  formal 
one;  it  came  to  the  main  barrier^  namely,  the  relation  of  heredity  and 
evolution  to  the  reproductive  cells,  and  leapt  over  it  by  the  postulate 
of  Pangenesis.  The  germ-cell  studies  of  Balfour,  Van  Beneden,  the 
Hertwig  brothers,  Weismann,  Boveri,  and  others,  have  gradually  led 
us  to  hope  that  we  shall  some  day  trace  the  connection  between  the 
intricate  metamorphoses  in  these  cells  and  the  external  phenomena  of 
heredity,  and  more  than  this,  to  realize  that  the  heredity  theory  of  the 
fiitnre  must  rest  upon  a  far  more  exact  knowledge  than  we  enjoy  at 
present  of  the  history  of  the  reproductive  cell  both  in  itself  and  in  the 
influence  which  the  surrounding  body  cells  have  upon  it. 

These  advances  affect  the  problem  of  life  and  protoplasm,  whether 
stadied  by  the  physician,  the  anthropologist,  or  the  zoologist,  thus  con- 
centrating into  one  focus  opinions  which  have  been  formed  by  the 
observation  of  widely  different  classes  of  facts.  As  each  class  of  facts 
bears  to  the  observer  a  different  aspect  and  gives  him  a  personal  bias, 
t;lie  discnsson  is  by  no  means  irenical,  and  it  is  our  privilege  to  live 
"through  one  of  those  heated  periods  which  mark  the  course  of  every 
^revolution  in  the  world  of  ideas.    Such  a  crisis  was  brought  about  by 
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and  place  one  in  each  of  this  pair  of  scales  and  they  balance.  TIm 
fa^t  that  a  number  of  areas  thus  measured  gave  the  theoretical  results 
of  itself  furnishes  a  strong  support  of  the  justice  of  the  conclusions  t« 
drew  as  regards  the  forms  of  these  curves. 

To  attempt  to  explain  the  reasons  of  this  behavior  would  take  mov 
time  than  can  be  given  to-night;  moreover,  to  tell  the  truth,  we  do  ii« 
know  them.  But  we  have  at  least  partial  knowledge  and  we  mi^ 
hope  that  investigations  at  present  being  carried  out  by  Prof.  Tj= 
may  give  us  a  clear  idea  of  the  nature  of  tlie  matter  and  of  the  forc^^ 
which  act  on  it,  and  with  which  it  acts,  during  the  continuous  chan  ^ 
from  gas  to  liquid. 


I 


PRESENT  PROBLEMS  IN  EVOLUTION  AND  HEREDITY.* 


By  Heney  Faibpield  Osborn. 


^n  the  past  decade  of  practical  research  and  speculation  in  biology, 
»  subjects  have  oustripped  in  interest  and  importance  the  rapid  prog- 
«  all  along  the  line.  These  are,  first,  the  life  history  of  the  repro- 
Btive  cell  from  its  infancy  in  the  ovum  onward,  and  second,  the 
ociated  problem  of  heredity,  which  passes  insensibly  fi'om  the  field 
iirect  observation  into  the  region  of  pure  speculation. 
^8  regards  the  cell  it  was  generally  believed  that  the  nucleus  was  an 
anum  into  the  mysteries  of  which  we  could  not  far  penetrate;  but 
8  belief  has  long  been  dispelled  by  the  eager  specialist,  and  it  is  no 
^geration  to  say  that  we  now  know  more  about  the  meaning  of  the 
3leas  than  we  did  about  the  entire  cell  a  few  years  ago.  At  that 
le  the  current  solution  of  the  heredity  problem  was  a  purely  formal 
i ;  it  came  to  the  main  barrier,  namely,  the  relation  of  heredity  and 
^lution  to  the  reproductive  cells,  and  leapt  over  it  by  the  postulate 
I^angenesis.  The  germ-cell  studies  of  Balfour,  Van  Benedeu,  the 
rtwig  brothers,  Weismann,  Boveri,  and  others,  have  gradually  led 
to  hope  that  we  shall  some  day  trace  the  connection  between  the 
ricate  metamorphoses  in  these  cells  and  the  external  phenomena  of 
^^ity,  and  more  than  this,  to  realize  that  the  heredity  theory  of  the 
tire  must  rest  upon  a  far  more  exact  knowledge  than  we  enjoy  at 
^sent  of  the  history  of  the  reproductive  cell  both  in  itself  and  in  the 
luence  which  the  surrounding  body  cells  have  upon  it. 
Pliese  advances  affect  the  problem  of  life  and  protoplasm,  whether 
belied  by  the  physician,  the  anthropologist,  or  the  zoologist,  thus  con- 
^trating  into  one  focus  opinions  which  have  been  formed  by  the 
Nervation  of  widely  different  classes  of  facts.  As  each  class  of  facts 
^rs  to  the  observer  a  different  aspect  and  gives  him  a  personal  bias, 
i  discusson  is  by  no  means  irenical,  and  it  is  our  privilege  to  live 
*ough  one  of  those  heated  periods  which  mark  the  course  of  every 
Solution  in  the  world  of  ideas.    Such  a  crisis  was  brought  about  by 
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the  publication  of  the  theory  of  Darwin,  in  1858,  and,  after  subsidimjg-, 
has  again  been  aroused  by  Weisinann's  theory  of  heredity,  pubhslied 
in  1883. 

This  is  the  situation  I  have  ventured  to  present  to  you  asCartwrig^ht 
lecturer,  not,  of  course,  without  introducing  some  conclusions  of  my 
own,  which  have  been  derived  from  vertebrate  palseontology,  but  which 
I  shall  direct  maiuly  upon  human  evolution. 

So  far  as  theories  need  come  before  us  now,  remember  that  Lamjirck 
(1792)  attributed  evolution  to  the  hereditary  transmission  to  oflspriiigr 
of  changes  (acquired  variations)  caused  by  environment  and  habit  in 
the  parent.  Darwin's  latest  view  was  that  evolution  is  due  to  the 
natural  selection  of  such  congenital  variations  as  fav^ored  sur\ival,  sui>- 
plemented  by  the  transmission  of  acquired  variations.  Weisraauu. 
denies  the  transmission  of  acquired  variations,  or  chara^^ters,  entirelf  .• 
and  attributes  evolution  solely  to  the  natural  selection  of  the  indi- 
viduals which  bear  the  most  favorable  variations  of  the  germ  or  repro- 
ductive cells.  We  nuist  therefore  clearly  distinguish  between  "coa- 
genital  variations''  which  are  part  of  our  inheritance  and  "acquired 
variations"  which  are  due  to  our  life  habits;  the  question  is,  areth^ 
latter  transmitted ! 

At  the  outset  I  would  emphasize  the  extreme  complexity  of  evolutio 
by  a  few  words  upon  variation,  or  in  terms  of  medical  science,  upo 
anomalies. 

When  we  si)eak  of  a  part  as  "anomalous"  we  mean  that  it  varies 
birth  from  the  ordinary  or  typical  form;  it  may  be  minute,  as  the  smaU 
slip  of  a  tendon,  or  large,  as  the  addition  of  a  complete  vertebra  to  tla^ 
spinal  column.    Wood  has  found  that  in  the  muscular  system  aloi*-^ 
there  are  nine  anomalies  in  the  average  individual.    It  is  clear  thai-^ 
the  evolution  of  a  new  type,  so  far  as  the  musc^ular  system  is  concerned, 
must  consist  in  the  accumulation  of  anomalies  in  a  certain  definit^^ 
direction  by  heredity.    Thus  the  anomalous  condition  of  one  generatic^^^^ 
may  become  the  typical  condition  of  a  very  much  later  generation,  ai»-^^ 
we  observe  the  paradox  of  a  typical  structure  becoming  an  anomaly' 
and  an  anomalous  structure  becoming  typical:  for  example,  the  supr^* 
condylar  foramen  of  the  humerus  was  on(*e  typical,  it  is  now  anoiti- 
alous;  the  retardation  in  development  of  the  wisdom  t<K)th  wasouee 
anomalous,  it  is  now  typical. 

The  same  principle  applies  to  races  which  are  in  different  stages  of 
evolution;  an  anomaly  in  the  white,  such  as  the  early  closure  of  the 
cranial  sutures,  is  normal  in  the  black.  Now  the  deductions  of  the 
Weismann ^school  of  evolutionists  seem  to  be  founded  ui>on  thepri^i' 
ciple  "'d4i  minimis  non  curat  lex;^^  that  we  need  only  regard  such  major 
variations  as  can,  ex  hypotheHj  weigh  in  the  scale  of  survival.  Against 
this  I  urge  that  we  must  regard  the  evolution  of  particular  structures, 
the  components  of  larger  organs,  the  separate  muscles  and  bones  for 
example,  for  the  very  reason  that  while  in  some  cases  they  play  a  most 
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mble  role  iii  our  economy  we  can  i)rove  beyond  a  doubt  that  they  are 
coarse  of  evolution.  Minor  variations  in  foot  structure,  which  are 
ssibly  of  vital  importance  to  a  quadruped  whose  very  existence  may 
pend  upon  speed,  sink  into  obscurity  as  factors  in  the  survival  of 
5  modern  American. 

riie  evolution  of  man  in  the  most  unimportant  details  of  his  structure 
>uiises,  therefore,  to  afford  a  far  more  crucial  test  of  the  Lamarckian 
t^he  pure  natural  selection  theory,  than  in  the  domain  of  his  higher 
cilties,  for  the  reason  that  selection  may  operate  upon  variations  in 
ad,  while  it  taxes  our  credulity  to  believe  it  can  operate  upon  varia- 
lAfi  in  muscle  and  bone.  This  is  my  ground  for  selecting  the  skele- 
I  and  muscles  for  the  subject  of  the  introductory  lecture.  Never- 
less,  let  us  review  variation  in  all  its  forms  in  human  anatomy  be- 
^  forming  an  opinion.  Let  us  remember,  too,  that  congenital  and 
I  Hired  variations  are  universal  as  necessities  of  birth  and  life;  they 
^  exhibited  in  the  body  as  a  whole — in  its  proportions,  in  the  compo- 
:&ts  of  each  limb,  finally  in  the  separate  parts  of  each  component,  as 
bhe  divisions  of  a  complex  muscle.  Thus  the  possibilities  of  trans- 
uism  are  everywhere.  What  is  the  nature  and  origin  of  congenital 
Hations?  Their  causes?  Do  they  follow  certain  directions!  Do 
^y  spring  from  acquired  variations  by  heredity!  These  are  some 
the  questions  which  are  still  unsettled. 

But  striking  as  are  the  anomalies  from  type,  the  repetitions  of  type 
exhibited  in  atavism  and  normal  inheritance  are  still  more  so,  and 
Hally  difficult  to  explain.  Therefore  our  theory  must  provide  both 
."  the  observed  laws  of  repetition  of  ancestral  form  and  the  laws  of 
nation  from  ancestral  form,  as  the  pasture-land  of  evolution.  Add 
the^e,  that  for  a  period  in  each  generation  this  entire  legislation  of 
ture  is  compressed  into  the  tiny  nucleus  of  the  fertilized  ovum, 
d  the  whole  problem  rises  before  us  in  its  apparent  impregnability 
lich  only  intensifies  our  ardor  of  research. 

LECTURE  I. — THE  CONTEMPORARY  EVOLUTION  OF  MAN. 

The  anthropologists  and  anatomists  have  enjoyed  a  certain  monopoly 
Homo  sapiens^  while  the  biologists  have  directed  their  energies 
wnly  upon  the  lower  creation.  But  under  the  inspiring  influen(!es  of 
B  Darwinian  theory  these  originally  distinct  branches  have  con- 
rged,  and  as  man  takes  his  place  in  the  zoological  system,  compar- 
ve  anatomy  is  recognized  as  the  infallible  key  to  human  anatomy. 
For  our  present  purjjose  we  must  suppress  our  sentiment  at  the  out- 
b  and  state  plainly  that  the  only  interpretation  of  our  l)odily  struc- 
re  lies  in  the  theory  of  our  descent  from  some  early  member  of  the 
imates,  such  as  may  have  given  rise  also  to  the  living  Anthropoidea. 
lis  is  also  the  only  tenable  teleological  view,  for  many  of  oui*  inher- 
ed organs  are  at  present  non -purposive,  in  some  cases  even  harmful, — 
the  appendix  vermiformis. 
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From  the  typical  mammalian  standpoint  man  is  a  degenera~~« 
animal;  his  senses  are  inferior  in  acuteness;  his  upright  position,  whL  ~ 
giving  him  a  superior  aspect,  entails  many  disadvantages,  as  recent  J 
enumerated  by  Clevenger,*  for  the  body  is  not  fully  adapted  to  it;  1il: 
feet  are  not  superior  to  those  of  many  lower  Eocene  plantigrades;  IbJ 
teeth  are  mechanically  far  inferior  to  those  of  the  domestic  cat.  I 
fact,  if  an  unbiassed  comparative  anatomist  should  reach  this  plane 
from  Mars  he  could  only  pass  favorable  comment  upon  the  perfectio: 
of  the  hand  and  the  massive  brain.  Holding  these  trumps,  man  ha 
been  and  now  is  discarding  many  useful  structures.  I  refer  e8i)eciall; 
to  civilized  man,  who  is  more  prodigal  with  his  inheritance  than  tli.< 
savage.  By  virtue  of  the  hand  and  the  brain  he  is  nevertheless  tix* 
best  adapted  and  most  cosmopolitan  vertebrate.  The  man  of  N^an 
derthal  or  Spy,  with  retreating  forehead  and  brain  of  small  cubi^ 
capacity t  was  limited  both  in  his  ideas  and  his  powers  of  travel;  yel 
he  was  our  superior  in  some  points  of  osteological  structure.  But  tli< 
period  of  Neanderthal  was  recent  compared  with  that  in  which  some 
of  our  rudimentary  organs  were  serviceable,  such  as  the  vermiform 
appendix  or  the  panniculus  carnosus|  muscle.  These  rudiments  ia 
turn  are  neogenetic  when  we  consider  the  age  of  the  two  antique 
sense  organs  in  the  optic  thalamus,  the  remnants  of  the  median  or 
pineal  eye  and  the  pituitary  body,  both  of  which  were  undoubtedly 
present,  and  probably  useful,  in  the  recently  discovered  Silurian  fishes. 

I  mention  these  vestiges  of  some  of  the  first  steps  in  creation  to  illus- 
trate the  extraordinary  conservative  power  of  heredity  (which  is  even 
more  forcibly  seen  in  our  embryological  development),  partly  also  to 
show  how  widely  our  organs  differ  in  age.  Galton  has  compared  tbe 
human  frame  to  a  new  building  built  up  of  fragments  of  old  ones;  ex- 
tend this  back  into  the  ages  and  the  comparison  is  complete. 

Development^  balance,  degeneration. — It  is  probable  that  none  of  our 
organs  are  absolutely  stati(^  and  that  the  apparent  halt  in  the  develop- 
ment of  some  is  merely  relative,  as  where  a  fast  train  passes  a  slow  one. 
The  numerous  cases  of  arrested  evolution  in  nature  are  always  con- 
nected with  fixity  of  environment,  an  exceptional  condition  with  man, 
and  we  have  ample  evidence  that  some  organs  are  changing  more  rap- 
idly than  others. 

Adaptation  to  our  changing  circumstances  is  mainly  effected  by  the 
simultaneous  development  and  degeneration  of  organs  which  lie  side 
by  side,  as  in  the  muscles  of  the  foot  or  hand;  in  terms  of  physiology, 

^Disadvantages  of  tbe  Upright  Posicion,  article  in  American  Naturalisi,  January,. 
1884,  vol.  XVIII.  p.  1. 

tThe  remarkable  skulls  and  skeletons  which  have  recently  been  discovered  at 
Spy  remove  all  doubts  as  to  the  normal,  i.e.,  racial  character  of  the  famous  Nean- 
derthal skull,  which  were  entertained  by  Quatrefages  and  others.  See  Fraipont 
and  Lohest,  Archives  de  Biologies  1887,  p.  697. 

tXhis  is  an  epidermal  or  twitching  muscle  in  the  quadrupeds. 
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we  obsei-ve  the  hypertrophy  of  adaptive  organs  and  atrophy  of  inadap- 
tive  or  useless  organs.    This  compensating  re-adjustment,  whereby  the 
sum  of  nutrition  to  any  region  remains  the  same  during  re-distribution 
to  its  parts,  may  be  called  metatrophism.     It  is  the  ^ '  gerrymander  ^  prin- 
ciple in  nature. 

In  practical  investigation  it  is  very  difficult  in  many  cases  to  deter- 
mine whether  an  organ  is  actually  developing  or  degenerating  at  the 
present  time,  although  its  variability  or  tendency  to  present  indi- 
vidual anomalies  indicates  that  some  change  is  in  i)rogres8.  I  may 
instance  the  highly  variable  peronens  tertius  muscle  (Wood).  The  rise 
or  fall  of  organs  is  so  constantly  associated  with  their  degree  of  utility 
that  in  each  case  the  doubt  can  be  removed  by  a  careful  analysis  of  the 
greater  or  less  actual  service  rendered  by  the  part  in  question.  Apart 
from  the  question  of  causation,  it  is  a  fixed  principle  that  a  part  degen- 
erating by  disuse  in  each  individual  will  also  be  found  degenerating  in 
the  race. 

Degeneration  is  an  extremely  slow  process;  both  in  the  muscular  and 
skeletal  systems  we  find  organs  sf)  far  on  the  down  grade  that  they  are 
Dierc  pensioners  of  the  body,  drawing  pay  (/.  e,,  nutrition)  for  past  hon- 
orable services  without  performing  any  corresponding  work — the  plan- 
^ris  and  palmaris  muscles  for  example.    Of  course  an  organ  without  a 
ftnction  is  a  disadvantage,  so  that  the  final  duty  of  degeneration  is  to 
'^tore  the  balance  between  structure  and  function,  by  placing  it  hors 
^^  ctmhat  entirely.    One  symptom  of  decline  is  variability,  in  which  the 
^''S's^n  seems  to  be  demonstrating  its  own  uselessness  by  occasional 
^l>^^nce.    As  Humphrey  remarks:  "The  muscles  which  are  most  fre- 
Qtt^ntly  absent  by  anomalies  are  in  fact  those  which  can  disappear  with 
J^^^t  inconvenience,  either  because  they  can  be  replaced  by  others  or 
'^^^^^use  they  play  an  altogether  secondary  rdle  in  the  organism."    The 
^^'Ses  downward  Jlre  gradual;  the  rudiment  becomes  variable  as  an 
^OJt  structure,  then  as  a  foetal  structure;  the  percentage  of  absence 
slo^^riy  increases  until  it  re-appears  only  as  a  reversion ;  finally  the 
P^»*^  ceases  even  to  revert  and  all  record  of  it  is  lost.    This  long  strug- 
S^^  cfthe  destructive  power  of  degeneration,  which  you  see  is  essen- 
ta*Hy  an  adaptive  factor,  against  the  protective  power  of  heredity  is 
th^  most  striking  feature  of  the  law  of  repetition.     (See  Galton's  simi- 
^*^  j)rinciple  of  regression  in  anthropology.) 

-^  careful  study  of  our  developing,  degenerating,  rudimental,  and 

rev-^rsional  organs  amply  demonstrates  that  man  is  now  in  a  state  of 

^^olution  hardly  less  rapid,  I  believe,  than  that  which  has  produced 

tho;  modern  horse  from  his  small  five-toed  ancestor.    As  far  as  I  can 

^^>  the  only  reason  why  our  evolution  should  be  slower  than  that  of 

^^  ancient  horse  is  the  frequent  intermingling  of  races,  which  always 

t^^ids  to  resolve  types  which  have  specialized  into  more  generalized 

^yp€8.   Wherever  the  human  species  has  been  isolated  for  a  long  period 

of  time,  divergence  of  character  is  very  marked,  as  will  be  seen  in  some 

of  the  races  I  refer  to  below. 
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To  lighten  the  loug  catalogue  of  facts,  gathered  from  many  aatho^ 
I  shall  frequently  allude  to  habit,  but  will  ask  you  to  consider  it  for  ti 
time  as  associational  rather  than  causal.    Pouchet  says:  ^'Man  ii^ 
creature  of  the  writing  table,  and  could  only  have  been  invented  in 
country  in  which  covering  of  the  feet  is  universal;"  he  should  hare 
added  the  '*  eating  table."    From  the  average  man  our  fashions  aod 
occupations  demand  the  play  of  the  forearm  and  hand,  the  independent 
and  complex  movements  of  the  thumb  and  finger;  the  outward  turning 
of  the  foot  in  walking.    These  are  some  of  the  most  conspicuous  features 
of  modern  habit. 

The  skeletal  variations.* — In  a  most  valuable  essay  by  Arthur  Thom- 
son upon  "The  Influence  of  Posture  on  the  Form  of  the  Articular  Sur- 
faces of  the  Tibia  and  Astragalus  in  the  Different  Races  of  Man  and 
the  Higher  Apes,"t  we  find  clearly  brought  out  the  distinction  between 
congenital  variations  and  those  which  may  be  acquired  by  prolonged 
habits  of  life.  It  is  perfectly  clear  from  this  investigation  that  certaia 
racial  characters,  such  as  '*  platycnemism "  or  flattened  tibia,  which. 
have  been  considered  of  great  importance  in  anthropology,  may  prove 
to  be  merely  individual  modifications  due  to  certain  local  and  temporary 
customs.  Thomson's  conclusions  are  that  the  tibia  is  the  most  variable 
in  length  and  form  of  any  long  bone  in  the  body.  Platycnemia  is  most 
frequent  in  tribes  living  by  hunting  and  climbing  in  hilly  countries, 
and  is  associated  with  the  strong  development  of  the  tibialis  posticus. 
The  great  convexity  of  the  external  condyloid  surface  of  the  tibia  ia 
savage  races  appears  to  be  developed  during  life  by  the  frequent  or 
habitual  knee  flexure  in  squatting;  it  is  less  developed  where  the  tibia 
has  a  backward  curve,  and  is  independent  of  platycnemia.  Another 
product  of  the  squatting  habit  is  a  facet  formed  upon  the  neck  of  the 
astragalus  by  the  tibia.  This  is  very  rare  in  Europeans;  it  is  found  iu 
the  gorilla  and  orang,  but  rarely  in  the  chimpanzee.  We  must  there- 
tore  be  on  our  guard  to  distinguish  between  congenital  or  hereditary 
skeletal  characters  which  are  fundamental,  and  '*  acquired"  skeletid 
variations  which  may  not  be  hereditary.  The  latter  are  of  question- 
able value  in  tracing  lines  of  descent,  if  not  actually  misleading;  on 
the  other  hand,  the  teeth,  as  shown  by  Cope  iu  his  essay  on  "Lemurine 
reversion  in  human  dentition,"  have  distinct  racial  patterns  aild  are 
reliable  indices  of  consanguinity,  because  their  form  can  not  be  modified 
during  lile. 

The  main  features  of  present  evolution  in  the  backbone  are  the  elab- 
oration of  the  spines  of  the  cervical  vertebrae,  the  increase  of  the  spinal 
curvatures,  the  shortening  of  the  centra  of  the  lumbar  vertebrae  and 


•For  recent  general  articles,  see  Blanchard,  '^L^Atavisme  chez  PHorame,"  Ber.  dt 
Anthrop.y  1885,  p.  425;  and  Baker,  ''The  Ascent  of  Man,"  Proceedings  of  the  American 
Association  for  Ike  Advancement  of  Smence^  1890.    Also,  Smithsonian  Report  £ar  1890,  p. 

447. 
i  Journal  of  Anatomy  and  Physiology,  1889,  i).  617. 
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shifting  of  the  pelvis  upward,  whereby  a  lumbar  vertebra  is  added  to 
the  sacrum  and  subtracted  from  the  dorso-lumbar  series. 

Cunningrham  has  found  that  the  division  of  the  neural  spines  in  the 
upper  cervical  vertebra^  distinguishes  the  higher  rac^es  from  the  lower.* 
The  spine  of  the  axis  is  always  bifid,  but  the  spines  of  the  cervicals 
three,  four,  and  five,  are  also,  as  a  rule,  bifid  in  the  European,  while 
they  are  single  in  the  lower  races.  The  same  author  shows  that  the 
bodies  of  the  lumbar  vertebrae  are  altering,  by  widening  and  shorten- 
ing, t()  form  a  firmer  i)illar  of  support,  with  a  compensating  increase  in 
the  length  of  the  intervertebral  cartilages.t  In  the  child,  the  vertebne 
present  more  nearly  their  primitive  elongate  compressed  form.  With 
this  is  associated  an  increase  of  the  forward  lumbar  curvature  (Tur- 
ner);! the  primitive  (i.  e.j  Simian)  curve  was  backward;  even  in  the 
ne«^()es  the  collective  measurement  of  the  i)osterior  faces  of  the  five 
Imnbars  is  greater  than  the  anterior,  in  the  proportion  of  106  to  100; 
whereas  in  the  white  the  collective  anterior  faces  exceed  the  posterior 
in  nearly  the  same  proportion — 100  to  96. 

The  lower  region  of  the  back  is  also  the  seat  of  one  of  the  most  inter- 
esting and  imi)ortant  of  the  changes  in  the  body,  namely,  the  correlated 
evolution  of  the  inferior  ribs,  the  lumbar  vertebne,  and  the  pelvis, — ^to 
which  embryology,  adult  and  comparative  anatomy,  and  reversion  all 
contribute  their  quota  of  proof  In  most  of  the  anthropoid  apes,  and 
therefore  presumably  in  the  pro-anthropos,  there  were  thirteen  com- 
plete ribs  and  four  lumbar  vertebra*,  while  man  has  twelve  ribs  and 
five  Inmbars.  Thus  we  may  consider  the  superior  lumbar  of  adult 
man  as  a  riblCvSS  dorsal;  not  so  in  the  human  embryo,  however,  for 
Rosenberg  §  has  found  a  cartilaginous  rudiment  of  the  missing  thir- 
teenth rib  upon  the  so-called  first  lumbar.  Atavism  contributes  an 
earlier  chapter  in  the  history  of  this  region,  for  Birmingham  ||  reports, 
out  of  fifty  cases  examined  in  one  year,  two  in  which  there  were  six 
Inmbars,  and  in  each  the  thirteenth  rib  was  well  developed;  this  is  an 
interesting  example  of  ''correlated  reversion,"  for  as  the  pelvis  shifted 
<lownward  to  its  ancestral  position  upon  the  twenty-sixth  vertebra, 
the  thirteenth  rib  was  also  restored.  The  other  ribs  are  in  what  the 
ancients  styled  a  "state  of  flux;"  our  eighth  rib  has  been  so  recently 
floated  from  the  sternum  that,  and  according  to  Cunningham,1]  it  re- 
verts  as  a  true  rib  in  twenty  cases  out  of  a  hundred,  showing  a  decided 
preference  for  the  right  side.  Regarding  also  the  occasional  fusion  of 
tlie  fifth  lumbar  with  the  sacTum  and  the  unstable  <5ondition  of  the 
twelfth  rib,  which  is  by  variation  rudimentary  or  absent,  Rosenberg 
niakes  bold  to  jiredict  that  in  the  man  of  the  future  the  pelvis  will  shift 
another  step  upward  to  the  twenty-fourth  vertebrae,  and  we  shall  then 


"^  Journal  of  Anatomy  and  Physiology ^  ^  Morph.  Jahrb.y  1876. 

^886,  p.  636.  \\  Journal  of  Anatomy  an4  Physiology ^ 

flMd.,  1890,  p.  117.  1891,  p.  526. 

tlbid^  1887,  p.  473.  H  Ibid,,  1890,  p.  127. 
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lose  oar  twelfth  rib.  The  upright  position,  and  coasequeat  traiisl 
the  weight  of  the  abdominal  viscera  to  the  pelvis,  may  be  consic 
the  habit  associated  with  this  reduction  of  the  chest;  at  all  eveni 
the  evolution  of  quadrupeds  there  is  a  constant  relation  of  increas 
tween  the  size  of  the  posterior  ribs  and  the  weight  of  the  viscera, 
the  rib-bearing  vertebrae  rise  to  twenty  and  the  lumbars  are  red 
to  three.*  It  would  be  interesting  to  note  the  condition  of  the  ri 
some  of  the  large-bellied  tribes  of  Africans  in  reference  to  this  pc 

The  coccyx  has  naturally  been  the  center  of  active  search  foi 
missing  flexible  caudals.  As  is  well  known,  the  adult  coccyx  con 
but  from  three  to  five  centers,  while  the  embryo  contains  from  ti 
six.  Dr.  Max  Bartels  has  made  "Die  geschwanzten  Menschen' 
subject  of  an  exhaustive  memoir  upon  cases  of  the  reversion  o 
tail,  while  Testut  records  all  the  primitive  tail  muscles  in  va 
stages  of  reversion.  Watson  reports  that  the  curvatores  coc< 
(depressores  caudae)  occur  only  in  1  in  1,000  cases. 

This  suggests  a  moment's  digression  to  consider  the  different  pi 
of  reversion.  The  thirteenth  rib  recurs  by  what  Gegenbaur  calls  ^ 
genetic  reversion,"  t  for  it  is  simply  the  anomalous  adult  developmc 
an  embryonic  rudiment.  Under  neogenetic  reversions  many  au 
also  include  cases  of  the  "  arrested  development,"  or  persistence  < 
embryonic  condition  to  adult  life,  such  as  the  disunited  odontoid 
ess  of  the  axis  vertebra,  which  happens  to  repeat  a  very  remot 
cestral  condition.  I  think  such  cases  may  illustrate  a  revere 
tendency,  although  many  cases  of  arrested  development,  sue 
anencephaly,  have  no  atavistic  significance  whatever.f  More 
and  far  more  difl&cult  to  explain  are  the  "  palaeogenetic  reversion 
which  the  anomaly,  such  as  the  supracondylar  foramen,  reverts 
atavus  so  remote  that  the  rudiment  is  not  even  represented  ii 
embryo. 

The  features  of  skull  development  are  primarily  the  increase  o 
cranium  and  the  late. closure  of  the  cranial  sutures,  in  contrast 
the  more  complete  and  earlier  closure  of  the  facial  sutures. 

So  far  as  I  can  gather,  iihis  seems  to  be  another  region  wher< 
white  and  colored  races  present  reversed  conditions;  the  early  cL 
and  arrest  of  brain  development  in  the  negroes  is  well  known 
later  closure  among  the  whites  is  undoubtedly  an  adax)tation  to 
growth.  In  his  valuable  statistics  upon  the  Cambridge  stud 
Galton  says:  "Although  it  is  pretty  well  ascertained  that  ii 
masses  of  the  population  the  brain  ceases  to  grow  after  the  a: 
niueteen,  or  even  earlier,  it  is  by  no  means  the  case  with  univc 
students.  In  high  honor  men  hciid  growth  is  precocious,  their  1 
predominate  over  the  average  more  at  nineteen  than  at  twenty- 

'  In  the  elephant  and  rliinoceros. 
iMorph.  Jahrh,,  Bd.  vi,  p.  585. 

t  Anencephaly,  it  should  be  said,  is  frec^uently  associated  with  numerous 
sions. 
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Many  of  the  casen  of  arrested  closure  of  facial  sutures  are  rever- 
Bional,  as  they  correspond  with  the  adult  coiiditioii  of  other  races,  such 
as  the  divided  malar,  or  as  Japonicuin.  The  human  premaxillary,  a 
discovery  with  which  Goethe's  name  will  always  be  associated,  is  some- 
times partially,  more  rarely  wholly,  isolated;  it  is  late  to  unite  with  the 
maxillary  in  the  Australians,  and  has  been  reported  entirely  separate 
iu  a  new  Caledonian  child  (Deslongchamps)  and  in  two  Greenlanders 
(Carus).  The  orbito-maxillary  frontiil  suture,  cited  by  Turner  as  a  re- 
version to  the  pithecoid  condition,  is  believed  by  Thomson,  after  the 
examination  of  1,037  skulls,  to  be  merely  an  accidental  variation,  with- 
out any  deeper  significance.*  The  development  of  the  temporal  bone 
from  two  centers,  observed  by  Meckel,  Oruber,  and  many  others,  is 
cousidered  by  Albrecht  a  reversion  to  the  separate  quadrate  of  the 
samo-mammalia.  This  I  think  is  in  the  highest  degree  improbable  (see 
^^Limits  of  Reversion^').  The  open  cranial  and  closed  facial  sutures 
are  apparently  associated  with  our  increasing  brain  action  and  decreas. 
ing  jaw  action;  in  one  case  the  growth  is  proh)nged  and  the  sutures  are 
left  open,  in  the  other,  the  growth  is  arrested  and  the  sutures  are 
closed. 

Is  the  lower  jaw  developing  or  degenerating!  This  question  has  re- 
cently been  the  subject  of  a  spirited  controversy  between  Mr.  W.  Piatt 
Balljt  representing  the  Weisman  school,  and  Mr.  F.  Howard  Oollins,t 
supporting  Herbert  Spencer's  view  that  a  diminishing  jaw  is  one  of  the 
features  of  our  evolution  which  can  only  be  explained  by  disuse.  Mr. 
Collins  find  that,  relatively  to  the  skull,  the  mass  of  the  recent  English 
jaw  is  one-ninth  less  than  that  of  the  ancient  British  and,  roughly 
speaking,  half  that  of  the  Australian.  He  appears  to  establish  the 
^«w  that  the  jaw  is  diminishing. 

Closely  connected  with  this  is  the  evolution  of  the  teeth ;  how  are 
they  tending! 

Flower§  has  shown,  as  regards  the  length  of  our  molar^series,  that 
we,  together  with  the  ancient  British  and  Egyptians,  belong  to  a  small- 
toothed  or  "microdont^race;  the  Chinese,  Indians  (North  American), 
Malayans,  and  negroes  in  part,  are  intermediate  or  "  mesodont,"  while 
the  Andamanese,  Melanasians,  Australians,  and  Tasmanians  are  ^<  ma- 
crodont."  While  undersize  marks  the  molars  as  a  whole,  the  wisdom 
tooth  is  certainly  in  process  of  elimination;  it  has  the  symptoms  of  de- 
*^line;  it  is  very  variable  in  size,  form,  and  in  the  date  of  its  appear- 
^'^ce,  in  often  misplaced,  and  is  not  uncommonly  quite  mdinientary 
(Tomes}.!!  Here  is  another  instance  where  the  knife-and-forkless  races 
^^verse  our  degeneracy,  for  in  them  not  only  is  the  last  normal  molar 

^Jottmai  of  Anatomy  and  Fhi/sioJogyf  1890.  p.  31b. 

t  Arc  the  Efifecto  of  Use  and  Dihiihc  luhmtedt    yaiiirc  ScrioSy  1890. 

J  Tlio  Lower  Jaw  in  Civilized  Races,  1891. 

^  Journal  of  the  Anthropological  Institute,  1880. 

I  Ut-ntal  Anatomy,  p.  116. 

H.  Mis.  114 21 
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(m.  3)  large  aud  cut  long  before  tlie  traditional  years  of  discretiuu,  bat 
in  the  first  two  lower  molars  are  found  two  intermediate  cusps  (Tomes)* 
which  are  variable  or  absent  in  us  (Abbott) ;  moreover,  in  tlie  macro- 
dont  races  a  surplus  molar  t  (ra.  4)  is  sometimes  developed.  Mummery 
reports  nine  such  cases  among  328  West  Africans  (Ashantis).  A&  an 
instance  of  associated  habit  I  may  here  mention  that  Dr.  Lumholtz, 
the  Australian  explorer,  informs  me  that  in  adult  natives  the  teeth  are 
worn  to  the  gum;  in  the  absence  of  tools  they  are  used  in  every  occu 
Xiation,  firom  eviscerating  a  snake  to  cutting  a  root.  A  tour  of  in8i)ee 
tion  through  any  large  collection  of  skulls  brings  out  the  contrast  be 
tween  the  sound  and  hard-worn  molars  of  the  savage,  and  the  decayec 
and  little-worn  molars  of  the  white. 

Upon  the  descent  theory,  the  reduction  of  teeth  in  the  progenitor  o 
man  began  as  far  back  as  the  Eocene  period,  for  not  later  than  tba 
remote  age  do  we  find  tlie  full  complement  of  three  incisors  and  fou 
premolars  in  each  jaw;  now  there  are  but  two  remaining  of  eacli 
Baume,  a  high  authority,  believes  he  has  discovered  eleven  cases  of; 
rudimental  reversion  of  one  of  these  lost  premolars  f  not  cutting  th 
jaw.  Not  infrequently  both  these  missing  teeth  occur  by  reversioi 
It  is  difficult  to  conceive  of  reversion  to  such  a  remote  period,  yet  i 
is  supported  by  other  evidence.  An  embryonic  third  incisor  has, 
believe,  been  discovered.  As  long  ago  as  1863  Sedgwick  §  recorded 
case  of  six  upper  and  lower  incisors  in  both  jaws,  and  appearing  i 
both  the  milk  and  permanent  dentitions;  this  anomaly  was  inherite 
from  a  grandparent,  a  striking  instance  of  hereditary  reversional  tei 
dency.  We  might  consider  that  these  cases  of  supernumerary  teet 
belong  in  the  same  category  as  polydactylism,  or  additional  fingen 
which  are  not  atavistic,  but  for  the  fact  that  they  do  not  exceed  tb 
typical  ancestral  number,  whereas  the  fingers  do. 

We  owe  to  Windle||  a  careful  review  of  the  incisor  reversions,!: 
which  he  shows  that  the  lost  incisors  re-appear  more  frequently  in  th 
upper  than  the  lower  jaw  (coinciding  with  the  fact  that  the  lower  tcet 
were  the  first  to  disappear  in  the  race);  he  considers  that  the  1:>.^ 
tooth  was  the  one  originally  next  the  canine,  and  concludes  by  addiuj 
our  present  upper  outer  incisor  to  the  long  list  of  degenerating  organs.1 
He  supports  this  statement  by  measurements  and  by  citing  cases  ii 
which  it  has  been  found  absent.  Yet  the  reduction  of  the  jaws  is  ap 
liarently  outstripping    that  of  the  teeth,  if  we   can  judge  from  tbe 


*  Dental  Anatomy ^  p.  116. 

t  This  tooth  has  been  found  iu  several  other  inacrodont  tribes  (Australians,  Tjj^- 
mauiaus,  Nco-Caledouiaus),  Fontau. 

X  Odontologische  FomchuiitjcHy  j).  2G8.  Tills  rudimeut  is  found  betwevn  llic  first  and 
second  noi'iual  ])rcmolar8. 

$  BritUh  and  Forchjn  Medico  Chirurgical  Revleu\  1863. 

^Journal  of  Anatomy  and  Fhysiologi/t  18K7,  ]».  85. 

^TlJaumo  believes  that  the  missing  incisor  is  the  primitive  median  one,  whil^Tu^' 
xu)r  tielieves  it  is  the  second.    Tho  fossil  record  supx^orts  Windle. 
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frec|uent  pnictice  aiuon^  American  dentists  of  relieving  the  crowded 
jaw  by  extraction. 

We  now  turn  to  the  arches  and  limbs.  Flower  has  pointed  out  that 
the  base  of  the  scapula  is  widening  in  the  higher  races,  so  that  the 
**iu(iex,''  or  ratio  of  length  to  breadth,  is  quite  distinctive.  Gegenbaur 
aijsociates  this  with  the  development  of  the  scapulo-hameral  muscles 
and  the  greater  play  of  the  humerus  as  a  prehensile  organ. 

Ill  general,  the  arm  increases  in  interest  as  we  descend  toward  the 
haml,both  in  the  skeleton  and  musculature,  because  here  we  meet  with 
the  first  glimpses  of  facts  which  enable  us  to  form  some  estimate  of  the 
rate  of  human  evolution.  The  well-known  humeral  torsion  (connected 
with  increased  rotation)  ascends  from  1520  in  the  polished  stone  age  to 
1040  in  the  modern  European.  The  intercondylar  foramen,  or  perfora- 
tion of  the  olecranon  fossa,  is  exceptionally  well  recorded  ;•  it  is  found 
m»iO  \mT  cent  of  skeletons  of  the  reindeer  period;  in  the  dolmen  period 
it  fell  to  24  per  cent;  in  Parisian  cemeteries  between  the  fourth  and 
tenth  centuries  it  is  found  in  5.5  per  cent;  it  has  now  fallen  to  3.5  per 
cent.  The  condylar  foramen,  occasionally  forming  a  complete  bridge 
of  bone  above  the  inner  condyle  and  transmitting  the  median  nerve 
anil  biiwhial  arteiy,  is  known  a^s  the  *'entepicondylar"  foramen  in  com- 
parative anatomy,  and  is  one  of  the  most  ancient  characters  of  the 
mammalia;  it  reverts  paheogenetically  in  1  per  cent  of  recent  skeletx>ns, 
but  mnch  more  frequently  in  inferior  races  (Lamb).  In  the  wrist  bone 
i«  Sometimes  developed  another  extremely  old  structure — the  oscentrale. 
^rubert  reported  its  recurrence  at  0.25  per  cent  approximat^ily.  This 
is  a  ease  of  neogenetic  reversion,  for  LeboucqJ  shows  that  there  is  a 
<listiuct  centrale  in  every  human  carpus  in  the  first  part  of  the  second 
Mionth,  which  normally  fuses  with  the  scaphoid  by  the  middle  of  the 
third  month. 

The  divergence  of  the  female  from  the  male  pelvis  is  an  important 
feature  of  our  progressive  development ;  it  is  proved  by  the  fact  that, 
^s  we  descend  among  the  lower  races  it  becomes  increasingly  difficult 
to  distinguish  the  female  skeleton  from  the  male,  for  the  i)elves  of  the 
two  sexes  are  nearly  uniform.  Here  it  seems  to  me  is  a  most  interest- 
ing problem  for  investigation.  Arbuthnot  Lane's§  views  of  the  mechan- 
i<^l  causes  of  this  divergence,  which  are  strongly  Lamarckiaii,  may  be 
^^^'ighed  with  the  theory  of  survival  of  the  fittest,  tor  the  large  female 
\^\m  is  perhaps  the  best  example  that  can  be  adduced  of  a  skeletal 
^^riation  whicli  would  be  preserved  by  natural  selection,  foi-  reasons 
which  are  self-evident.  The  third  trochanter  of  the  femur  is  believed 
"y  Prof.  Dwight,!!  of  the  Harvard  Mcdi(»al  School,  to  be  a  true  re- 


*  Sec  Dlanchard,  o\},  cit.,  p.  450. 

t  Virchow^a  Archiv,  1885,  p.  353. 

XAnv.  dc  la  Soc,  dv  M6d.  d*.  Gaudy  J  SSL 

J  Journaf  of  Jnalomif  and  Phffaioloifif,  1868,  p.  214, 

II  Ibid.,  18y0,  p.  61. 
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version  (1  per  cent)  in  our  race  and  not  an  acquired  variation, 
is  very  frequently  found  among  the  Sioux,  50  per  cent,  Laplaude 
per  cent,  and  Swedes,  37  per  cent;  like  the  condylar  foramen  it 
ancient  mammalian  character. 

The  foot  is  full  of  interest  in  its  association  of  degeneration  ai 
velopment  with  our  present  habits  of  walking;  the  great  toe  is  in 
ing  and  the  little  toe  diminishing,  causing  the  oblique  slope  irom^ 
outward  which  is  in  wide  contrast  with  the  square  toes  in  the  inf 
in  the  lower  races.  In  many  races  the  second  toe  is  as  long  as  tin 
and  the  feet  are  carried  parallel  instead  of  the  large  toe  tumin 
If  anyone  will  analyze  his  sensations  in  walking,  even  in  his  she 
will  be  conscious  that  the  great  toe  is  taking  active  part  in  progr 
while  the  little  toe  is  passive  and  insensitive.  We  are  not  suri 
therefore,  to  learn  from  Pfitzner*  that  we  are  losing  a  phalanx,  i 
many  liuman  skeletons  (41.5  per  cent  in  women  and  31  pei 
in  men)  the  two  end  joints  of  the  little  toe  are  fused.  The 
occurs  not  only  in  adults,  but  between  birth  and  the  seventh  yea 
in  embryos  of  between  the  fifth  and  seventh  month.  The  antho 
not  attribute  this  to  the  mechanical  pressure  of  tight  shoes  becj 
is  found  in  the  poorer  classes.  He  considers  it  the  first  a<;t  of  j 
degeneration  of  the  fifth  toe. 

Variations  in  the  muscles, — The  evolution  of  the  muscles  of  tl 
looks  in  tbe  same  direction.  As  you  know,  the  large  toe  in  m 
the  apes  is  set  at  an  angle  to  the  foot  and  is  used  in  climbing, 
still  employed  in  a  variety  of  occupations  by  different  races.  A 
ing  to  Tremlett,t  the  celebrated  great  toeof  the  Annamese,  whicl 
mally  projects  at  a  wide  angle  from  the  foot,  is  contemptuouslj 
tioned  in  Chinese  annals  of  2285  b.  c,  the  race  being  then  des 
as  the  "cross- toes."  The  long  flexor  of  the  hallux  is  apparent 
generating,  showing  a  t.endency  to  fuse  with  the  flexor  communi 
abductors  and  adductors  of  this  toe  are  also  degenerating,  the 
being  proportionately  large  in  children  (Uuge).  The  little  toe  es 
only  by  reversion  its  x^rimitive  share  of  the  flexor  brevis  (Gegen 
more  frequently  it  varies  in  the  direction  of  its  future  decline  by 
its  flexor  brevis  tendon  entirely.  Two  atavistic  muscles,  the  abi 
metatarsi  quintij  (always  present  in  the  apes),  and  the  peroneus  i 
(Hischoft'),  also  point  to  theformer  mobility  of  the  out^^r  side  of  th 
In  general  the  bones  of  the  foot  are  developing  on  the  inner  and  ( 
crating  on  the  (mter  side,  with  loss  of  the  lateral  movements  i 
hallux  and  of  all  independent  movements  in  the  little  toe.  Thei 
ated  habit  is  that  the  main  axis  of  pressure  and  strain  now  coj 
the  heel  and  great  toe,  leaving  the  outer  side  of  the  foot  compara 
functionh'S'^. 


*  Sro  Huinboldt,  1800;  also  XatHtr,  1800,  p.  :ii)I. 

i  Journal  of  the  Anihropological  Inaliiuto,  18S0,  p.  401. 

t  Darwin :  Dtsccnt  of  Many  p.  4  J. 
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The  variations  in  the  muscular  system  mark  oil'  more  clearly  the 
regfions  of  contemporary  evolution,  and  therefore  are  even  more  instruc- 
tive than  those  in  the  skeleton.  Muscular  anomalies  have  however 
never  heen  adequately  analyzed.  Even  the  remarkable  memoir  of  M- 
Testut,  '^Sur  les  Anomalies  musculaires,"  is  defei^tive  in  not  clearly 
distinguishing  between  variations  whi(?h  look  to  the  future,  those  wiiich 
revert  to  the  past,  and  those  which  are  fortuitous,  for  the  author  is 
strongly  inclined  to  refer  all  anomalies  to  reversion. 

The  law  of  muscular  evolution  is  specialization  by  the  8U(5cessive 
separation  of  new  independent  contractile  bands  from  the  large  funda- 
mental muscles,  while  the  law  of  skeletal  evolution  is  reduction  of 
primitive  parts  and  the  specialization  of  articular  surftices.  The  num- 
ber of  mus^Oes  in  the  primates  as  a  whole  has  therefore  been  steadily 
increasing,  while  the  number  of  bones  has  been  dimimishing.  In  man 
the  number  of  muscles  is  probably  increvising  in  the  regions  of  the 
lower  arm,  and  diminishing  in  every  other  region.  The  analysis  is 
rendered  very  difficult  by  the  fact  that  some  muscles  {e.  g.j  those  con- 
necting  the  shoulder  wfth  the  neck  and  back)  revert  to  a  former  condi- 
tion (»f  greater  specialization  when  they  were  employed  in  swinging  the 
body  by  the  arms,  and  in  quadruiiedal  locomotion ;  while  other  muscles 
(e,g,j  those  connecting  the  forearm  and  fingers)  revert  to  a  former 
simpler  arrangement  when  the  hand  was  mainly  a  grasping  organ,  and 
the  thumb  was  not  opposable. 

As  in  the  skeleton,  we  find  that  muscular  anomalies  include  (1) 
palaiogenetic  reversions,  or  complete  restorations  of  lost  muscles;  (2) 
neogenetic  reversions,  or  revivals  of  former  types  in  the  relations  of 
existing  muscles ;  (3)  progressive  variations,  which  either  by  degener- 
ation or  specialization  point  to  future  types;  (4)  fortuitous  variations, 
^bich  cannot  be  referred  to  either  of  the  above. 

I^nval  observes  that  the  flexor  longus  policis  repeats  in  reversion  all 
the  stages  of  its  evolution  between  man  and  the  apes,  in  which  it  is  a 
division  of  the  flexor  profundus.  Gruber  and  others  have  even  obsi^rved 
^be  absence  of  the  thumb  tendon.  This  is  true  of  all  the  new  muscles, 
^^f  this  Testut  writes: 

*'Xe  dirait-on  pas,  en  le  voyant  s'eloigner  si  souvent  de  sonetat  nor- 
"^^  que  la  nature  voudrait  le  remener  k  sa  disjxisition  ])rimidve,  Int- 
rant ainsi  sans  cesse  contre  Pailaptation,  et  ne  lui  abandonnant  qu'  a 
^^et  Tune  de  ses  plus  belles  conquetes." 

Sj)eaking  of  the  hand.  Baker  says: 

^*0u  comparing  the  human  hand  with  that  of  the  anthropoids,  it  may 
^  seen  that  this  efficiency  is  produced  in  two  ways — flrst  increasing 
"»6  mobility  and  variety  of  action  of  the  thumb  and  fingers  ;  second, 
f^Uicing  the  muscles  used  mainly  to  assist  prolonged  grasp,  they  be 
^'^g  no  longer  necessary  to  an  organ  for  delicate  work  requiring  con- 
stant re-adjustment."*^ 


^''Tlie  AHccnt  of  Man, "  Vroct'^dings  Am,  Ahhoc.  Adr.   Sri.  ISMO,  vol.  xxxix,  ]).  .*i">3. 
^l«o,  Siailhsoman  Urporl,  1890,  p.  449. 
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You  have  noticed  the  recent  discovery  that  the  grasping  iwwer  of 
infants  is  so  great  that  the  reflex  contraction  of  the  fingers  upo/i  a 
slender  crossbar  sustains  their  weiglit;  this  power  and   the  decided 
inward  rotation  of  the  sole  of  the  foot  and  mobility  of  tlie  toes  arei)er- 
sistent  adaptations.    Our  grasping  muscle,  the  palmaris  lon^us,  is 
highly  variable  and  often  absent;  like  the  plantaris  of  the  calf,  it  has 
been  replaced  by  other  muscles,  and  its  insertion  has  been  withdrawn 
from  the  metapodium  to  the  palmar  fascia.     In  negroes  we  frequently 
find  the  palmaris  reverting  to  its  former  function  of  flexing  the  fin^rers 
by  insertion  in  the  metacarpals. 

The  rise  of  muscular  specialization  by  degeneration  is  beautifully 
shown  in  the  extensor  indicis,  wliich,  while  normally  supplyinj:  the 
index  only,  reverts  by  sending  its  former -slips  to  the  thumb,  middle^ 
and  even  to  the  ring  finger.  Testut*  believes  that  the  extension  power 
of  the  middle  and  ring  fingers  has  declined,  as  the  cases  of  reversion 
point  to  greater  mobility;  the  extensor  minimi  digiti  is  distinct  aud 
highly  variable  (Wood),  often  sending  a  slip  to  the  ring  finger. 

The  entire  flexor  group  of  the  hand,  excepting  the  palmaris,  is  appa- 
rently specializing.  The  demonstration  by  Windlet  and  Bland  Sutton, 
that  the  origin  of  the  flexors  and  extensors  is  shifting  downward  from 
their  original  position,  is  evidence  of  an  adaptation  to  the  short  si)ecial 
contractions  required  of  them. 

The  abductor  poUicisf  is  also  progressive  and  variable  (Wood);  tlie 
reduj)lication  of  its  inferior  tendon,  which  is  sometimes  provided  with 
a  distinct  muscle,  apparently  points  to  the  birth  of  a  second  alniuctor. 
The  opi)onen8  of  the  thumb  is  well  established  and  constant.  Variahil 
ity  seems  to  charjicterize  both  the  developing  and  degenerating  nrns 
cles;  the  latter  are  apt  to  be  absent;  it  is  rare  that  an  important  luusele. 
such  a^s  the  extensor  indicis,  is  absent,  but  such  cases  are  reported. 

It  is  interesting  to  note  that  the  lost  muscles  of  the  body  are  almost 
exclusively  in  the  trunk  or  shoulder,  and  pelvic  arches,  and  not  in  the 
limbs.  It  will  be  remembered  that  the  human  shoulder  joint  is  excep 
tionally  rigid,  whereas  in  the  quadrupedal  state  it  was  a  functor  iu  pro- 
gression. Some  of  the  muscular  reversions  in  this  quadrupedal  region 
are  the  levator  clavieuhe  (I  to  60,  Maealister),  trachelo-clavicularis, 
scalenus  intermedins,  acromio-basilaris  (Chami)neys),  transversus 
nuclue  (Gegenbaur).  Api)arently  associated  with  the  former  swingfi"? 
of  the  body  by  the  fore  limb  in  the  arboreal  life  are  the  atavistic  eoraoo 
brachialis-brevis  (Testut),  the  epitrochleo-dorsalis  (Testut),  and  pecto- 
ralistertius  (Testut).§ 

CenierH  of  rarialnUti/. — As  the  literature  is  so  readily  accessible  I 
will  not  multii>ly  illustrations  of  the  innumerable  congenital  variations 


*  Snr  h'H  Anomal'u'H  MuHculatrea^  p.  564. 
\  Journal  of  Auafomtf  and  Phi/aiologiff  ISJK),  ]».  72. 
tOr  oxtenHor  ossis  iiiotacarpi  poll  iris.     Soc^  Testut.  p.  r».'».3. 

^N  (^iiain  ilescHlioM  s<*venty  niiomalonK  mnwlen  (.fw/.,  vol.  i.).     T*Mitnt  il«»KcrilMiH  a 
ftfij]  larger  iiiiinbpr. 
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related  to  human  evolution.    1  call  attention  t;0  several  important  in- 
dnctions.    First,  there  are  several  centers  in  wbicli  both  the  skeletal 
and  muscular  systems  are  highly  variable.    Second,  that  the  most  con- 
spicuous variations,  and  therefore  the  most  frequently  recx)rde<l,  are 
reversions.    Third,  that  structure  lags  far  behind  function  in  evolution. 
The  conclusions  of  Wood,  and  of  Testut,*  are  that  variability  is  inde- 
pendent of  age  or  sex,  of  general  muscularity,  and  of  abnormal  mental 
development.    Wood  found  981  anomalies  in  102  subjects:  of  these,  623 
were  developed  upon  both  sides  of  the  body,  while  358  were  unilateral. 
Of  still  greater  interest  are  the  statistics  collected  by  Wood  between 
1867-'68  in  the  dissecting  room  of  King's  College,  upon  30  subjects 
(18of  each  sex).    These  show  that  there  are  more  anomalies  in  the 
limbs  than  in  the  trunk;  that  anomalies  are  rare  in  the  pelvis;  that 
there  were  292  anomalies  in  the  anterior  limbs  to  119  in  the  posterior; 
that  in  both  limbs  the  anomalies  increase  toward  the  distal  segments, 
culminating  in  the  muscles  of  the  thumb,  where  they  rise  to  90  per 
cent,  (mainly  flexor  longus  pollicis,  and   abductor  longus  pollicis). 
These  facts  seem  to  prove  conclusively  that  while  variation  is  universal 
it  rises  to  a  maximum  in  the  centers  where  human  evolution  is  most 
iiipid;  here  are  Herbert  Spencer's  conditions  of  unstable  equilibrium. 
Tbis  has  a  direct  bearing,  as  I  shall  show,  upon  our  theory  of  heredity. 

Foriuitous  cavgenital  rariationH. — 1  have  thus  far  considered  only 
hose  variations  which  apparently  have  a  definite  relation  to  the  course 
f  human  evolution.  There  is  an  entirely  different  class  of  congenital 
ariations  which  may  be  described  as  fortuitous  or  indefinite  because 
hey  do  not  oc<*ur  in  any  fixed  percentage  of  cases;  they  are  liable  to 
»ke  any  direction;  they  can  not  be  considered  reversional  because 
tiey  are  not  found  in  the  hypothetical  atavus,  and  there  is  not  suffi- 
lent  evidence  to  cause  us  to  consider  them  as  incipient  features  of  our 
iture  structure. 

Some  may  not  be  truly  congenital  (/.  e.  springing  direct  from  the 
erm  ceils)  but  may  be  merely  deviations  from  the  normal  course  of 
evelopment.  I  may  instance  the  vnriations  in  the  carpus  recorded  by 
\iniert  in  wliich  the  trai)ezium  and  scaphoid  unite,  or  the  trapezoid 
nd  semilunar  divide,  or  the  astragalus  and  navicular  unite  (Ander- 
on). 

The  best  example  of  fortuitous  congenital  variations  are  seen  in  su- 
cmumerary  fingers  and  vertebra*.  The  eighth  cervical  vetebra,  bear- 
ig  a  rudimentary  rib,j:  is  not  a  reversion  because  the  most  remote  an- 
estors  of  man  have  but  seven  cervicals.  In  cases  where  a  rib  is  de- 
eloi>ed  upon  the  seventh  cervical,  however,  the  reversion  theory  is 
lerliaps  applicable  because  rib-bearing  cervicals  are  relatively  less  re- 


*  Sur  les  JnomalicM  Musculaires,  p.  760. 

\  Journal  of  Anutomy  and  Physiology,  1884,  p.  2-15. 

tArh.  Lane:  Jmirnal  of  Anatomy  and  Physioloify,  1885,  p.  2W>. 
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iiiot«'.    Tlio  same  distinction  applies  to  polydactylism.     How  alKSii/ir/ 
it  is  to  consider  a  sixth  fin<j:er  atavistic,  when  we  remember  that  eve/i 
our  Permian  ancestors  had  but  live  fingers. 

We  can  not  however  class,  as  purely  fortuitous  a  variation  which 
occurs  in  a  definite  percentage  of  cases  presenting  twenty  four  differ- 
ent varieties,  but  occurring  in  the  same  region.    Such  is  the  muclidis- 
cussed*  niusculus  sternalis,  a  muscle  extending  vertically  over  the 
origin  of  the  pectoralis  from  the  region  of  the  sterno-mastoid  to  that 
of  the  obliquus  externus.    Testnt  lightly  applies  his  universal  rever- 
sion theory,  and  as  this  nuiscle  is  not  found  in  any  mammal  considers 
it  a  regression  to  the  reptilian  presternal  (Ophidia) !    Turner  also  con- 
sidered it  as  reversional  in  connet'tion  with  the  panniculns  carnosus, 
the  old  twitching  muscle  of  the  skin,  which  plays  so  many  freaks  of 
reversion  in  the  scalp  and  neck ;  this  view  is  negatived  by  the  fact  that 
this  muscle  is  innervated  by  the  anterior  thoracic  (Cunningham,  Shep- 
herd) which  would  connect  it  with  the  pectorial  system,  or  by  the  hitw- 
costal  nerves  (Bardeleben).     Although  the  high  percentage  of  recur- 
rence in  the  sternalis  in  anencephalous  monsters  (90  per  cent  according 
to  Shepherd)  supports  the  reversion  view,  it  is  offset  by  the  high  per- 
centage (4  per  cent.)  in  normal  subjects,  for  this  is  far  too  high  for  a 
stnicture  of  such  age  as  the  reptilian  presternal.    Cunningham  has 
advanced  another  hypothesis,  first  suggested  by  the  frequency  of  this 
anomaly  in  women,  that  this  is  a  new  inspiratory  muscle,  having  it« 
origin  in  reversion,  but  serving  a  useful  purpose  when  it  recurs,  and 
therefore  likely  to  be  perpetuated. 

These  fortuitous  variations,  as  well  as  variations  in  the  proportions 
of  organs,  play  an  important  part  in  the  present  discussion  ui)on  hered- 
ity, for  it  is  believed  by  the  Weismann  school  that  such  variations,  if 
they  chance  to  be  useful,  will  be  accumulated  by  selection  and  thus 
become  race  characters. 

The  Hmits  of  reversion. — There  is  such  a  wide  difference  of  opinion 
upon  tiie  subject  of  reversions  that  it  is  important  to  determine  what 
are  some  of  the  tests  of  genuine  reversions.  How  shall  we  distinguish 
them  from  indefinite  variations  or  from  anomalies  like  the  sternalis 
muscle,  which  strain  the  reversion  theory  to  the  breaking  point! 

Testut,  t  Duval,  and  Blanchard  take  the  extreme  position  that  almost 
all  anomalies  reproduce  earlier  normal  structures,  and  that  the  exeep 
tions  may  be  attributed  to  the  incompleteness  of  our  knowledge  of 
comparative  anatomy.  I  may  here  observe  that  popular  as  the  descent 
theory  has  recently  become  in  France,  neither  these  anthropologists 
nor  the  palaeontologists  show  a  very  clear  conception  of  the  phyletic 
or  branching  element  in  evolution.  If  they  do  not  find  a  muscle  in  the 
primates  they  look  for  it  in  other  orders  of  mammals.  Now,  since 
these  other  branches  diverged  from  that  which  gave  rise  to  man  at  a 


ft  c 


See  Turner,  Shepherd,  and  Cuimingham:     Journal  of  Anatomy  ami  Phytioloyif. 
t  Sur  les  Jnomalies  Mnsculairent,  p.  4. 
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^Ost  ivinot^  l)eriod,  the  discovery  of  a  similar  muscle  may  be  merely  a 
^incidence;  it  is  by  no  means  a  proof  of  reversion. 

The  first  test  of  reversion  is  therefore  the  anatomy  of  the  at^vnis 
Ud  this  is  derived  partly  from  the  ])alieontological  record  of  the 
riniates,  partly  from  the  law  of  divergence,  viz.,  that  features  which 
re  common  to  all  the  living  primates  were  probably  also  found  in  the 
bem  form  which  gave  rise  to  man  5  finally,  from  the  comparative  anat- 
my  of  the  living  anthropoidea. 

The  second  test  is  whether  a  structure  passes  the  limits  of  reversion 
I  determined  by  eases  of  atavism  in  which  there  can  be  no  reasonable 
>nbt.  Two  of  these  phenomena  have  recently  been  discussed,  which 
em  to  extend  the  possibilities  of  reversion  back  to  structures  which 
ere  lost  at  a  very  remote  period.  I  refer  to  papers  by  Williams  and 
owes.  Williams*  has  analyzed  166  recorded  cases  of  polymastism; 
'  finds  that  supernumerary  nipples  of  some  form  occur  in  two  ])er 
nt,  and  that  in  all  except  four  of  the  cases  examined  the  anomalies, 
Bte<l  by  position,  etc.,  support  the  reversion  hjrpothesis.  In  the 
ring  lemurs,  which  form  a  persistent  primitive  group  of  monkeys,  we 
id  that  the  transition  from  polymastism  to  bimastism  is  now  in 
ogress  by  the  degeneration  of  the  abdominal  and  inguinal  nipples^  it 
fair  to  assume  that  the  higher  monkeys  also  lost  their  abdominal 
pples  at  a  primitive  stage  of  development,  and  therefore  that  cases 
'  multiple  nipples  indicate  reversion  to  a  Lower  Eocene  condition! 
owes  t  has  recently  completed  a  most  interesting  study  of  the  "  in- 
anarial  epiglottis,"  or  cases  in  which  the  epiglottis  is  carried  up  into 
le  posterior  nares,  as  in  young  marsupials  and  some  cetacea,  to  sub- 
Tve  direct  narial  resi)iration.  This  has  now  been  observed  to  occur 
Y  reversion  in  all  orders  of  mammals,  including  the  monkeys  and 
murs.  One  case  has  also  been  rei)orted  by  Sutton  of  its  occurrence 
I  a  human  fetus.  This  is  apparently  a  human  reversion  to  a  structure 
ucb  older  than  the  age  of  the  lemurs. 

The  third  test  is  the  inverse  ratio  t<^  time.  It  would  seem,  a  priori, 
lat  the  percentage  of  recurrence  of  atavistic  structures  should  decrease 
i  the  extent  of  time  elapsing  since  the  structure  disappeared  increases, 
his  law  is  apparently  established  in  the  case  of  the  condylar  and 
itercondylar  foramina,  and  if  we  examine  all  the  percentages  which 
ave  been  established  we  see  at  once  that  they  bear  a  ratio  to  time; 
)mpare  the  relative  frequency  of  the  ischio-pubic  (50  i>er  cent),  dorso- 
[Mtrochlearis  (5  per  cent),  and  levator-clavicuh'e  (1.66  per  cent)  mus- 
es with  the  periods  which  have  elapsed  since  their  i)ast  service.  This 
why  it  is  so  important  to  establish  percentages  for  all  our  atavistic 
*gans;  fuller  statistics  will  not  only  bear  upon  heredity,  but  I  can 
mceive  of  their  application  to  the  extremely  difficult  problem  of 
(timating  geological  time.    We  must,  of  course,  establish  as  a  stand- 

*  Journal  of  Anaiomy  and  Physiohgjf,  1891,  p.  224. 
t  Ibid,  1889,  p.  587.  * 
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ard  cases  of  congenital  variation  in  which  the  frequency  of  recurre 
has  l)een  Rt>ea(lily  declining  in  the  same  race  between  two  known  peri 
of  time — an  jivailable  structure  is  the  intercondylar  foramen  or  su| 
trochlear  foramen,  as  recorded  by  BIan<*hard,  Shepherd,  and  others 
The  reversional  tendency  is  hereditary.  There  are  many  cases,  h 
of  reversions  (sis  in  the  teeth)  and  indefinite  variations  being  heredita 
that  is,  re-appearing  in  several  generations,  or  skipping  a  geuerati 
and  recuiTing  in  the  second. 

Summary. — There  are  clearly  marked  out  several  regions  hi  the  hum 
body  ill  which  evolution  is  relatively  most  rapid,  such  as  the  lo^ 
l)ortion  of  the  chest,  the  upper  cervicals,  the  shoulder  girdle  in  its  re 
tion  to  the  trunk,  the  lower  portion  of  the  arm  and  hand,  the  oiii 
portion  of  the  foot.  We  notice  that  these  regions  especially  are  cent4 
of  adaptation  to  new  habits  of  life  in  which  new  organs  and  new  r€ 
tions  of  parts  are  being  acquired  and  old  organs  abandoned. 

We  observe  also  that  all  pjirts  of  the  body  are  not  equally  variat 
but  these  centers  of  evolution  are  also  the  chief  centers  of  variabili 
The  variations  here  are  not  exclusively,  but  mainly,  of  one  kind;  tl 
rise  from  the  constant  struggle  between  adaptati<m  and  the  force 
heredity.  Here  is  a  muscle  like  tlie  extensor  indicis  attempting  tog 
up  an  old  function  and  establish  a  new  one;  it  maintains  its  new  fu 
tion  for  several  generations,  and  then  goes  balbk  without  any  warni 
to  a  fimction  which  it  had  thousands  of  years  ago.  Thus  the  foret 
reversion  strikes  us  as  a  universal  factor. 

Now  the  singular  fact  about  reversion  is  the  frequent  proof  it  affoi 
of  what  Gal  ton  has  called  *^  i)articulate  inheritance.^'  When  the 
tensor  indicis  reverts,  all  the  muscles  around  it  may  be  normal;  the 
fore  we  are  obliged  to  consider  each  of  these  mns(*les  as  a  structure 
itself,  with  its  own  particular  history  and  its  own  tendencies  to  deve 
or  degenerate.  Thus  it  is  misleading  to  base  our  theory  of  evolut 
and  heredity  solely  ux)on  entire  organs;  in  the  hand  and  foot  we  hj 
numerous  cases  of  nmscles  in  close  contiguity,  one  steadily  develop! 
the  other  steadily  degenerating.  Reversion  very  rarely  acts  upon  mi 
structures  at  once;  when  it  does,  we  have  a  case  c»f  diffused  nnoms 
some  repetition  in  the  epidermis,  or  in  the  entire  organism  ol 
lower  type. 

Yet  in  spite  of  reversion  and  the  strong  force  of  repetition  in  inhe 
ance,  the  human  race  is  steadily  evolving  into  a  new  type.  We  inii 
it  seems  to  me,  admit  that  an  active  principle  is  constantly  opei-ati 
upon  these  particular  structures,  guiding  them  into  new  lines  of  adap 
tion,  acting  upon  widely  separate  minor  parts,  or  causing  twopai 
side  by  side,  to  evolve  in  opposite  directions,  one  toward  degeneniti< 
the  other  toward  development. 

I  may  now  recall  the  two  opposexl  theories  as  to  what  this  acti 
principle  is : 

The  first,  and  oldest,  is  that  individujil  adaptation,  or  the  tendenci 
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established  by  use  and  disuse  upon  particular  structures  in  the  par^ 
are  in  some  degree  transmitted  to  the  offspring  and  thus  guide  ^ 
mam  course  of  variation  and  adaptation. 

Tlie  second  is  that  all  parts  of  the  body  are  variable,  and  that  wkj€ 
ever  variations  take  a  direction  favorable  (that  is,  adaptive)  to  the  sm 
vival  of  the  parent  they  tend  to  be  i)reserved;  where  they  take  the  op 
posite  direction  they  tend  to  be  eliminated.  Thus,  in  the  long  run, 
adaptive  variations  are  accumulated  and  a  new  type  is  evolve<l. 

It  is  evident  at  once,  from  a  glance  over  the  facets  brought  forward 
in  this  lecture,  that  the  first  theory  is  the  simjdest  explanation  of  these 
facts ;  that  use  and  disuse  characterizes  all  the  centers  of  evolution ;  that 
changesof  structure  are  slowly  following  our  changesoffiinction or  habit. 

But  while  the  first  explanation  is  the  simplest  it  by  no  means  fol- 
lows that  it  is  the  true  one.  In  fact,  it  lands  us  in  many  difficulties, 
so  that  I  shall  reserve  the  pros  and  cons  for  my  second  lecture  upor 
heredity.  The  Lamarckian  theory  is  a  suspiciously  simple  explana 
tion  of  such  complex  processes. 

LECTURE  II. — THE  DIFFlOULTIJilS  IN  THE  HEREDITARY  THEORY. 

Nnr  mn88  ich  noclimalR  betonen,  cLohh  nacli  ineiner  Auft'assuiig  der  Aufaiig  eine 
neuen  Reihe  crliliclier  Abweichungeii^  also  audi  der  Eintritt  einer  nencii  Art  ohn 
eiue  voransgegaugene  orworbene  Abweichuiig  iindenkbar  ist. — Vikchow. 

State  of  opinion. — The  above  quotation  from  one  of  the  most  eminen 
authorities  of  our  times  represents  the  unshaken  conviction  of  a  ver 
large  class  upon  one  side  of  the  question  of  transmission  of  acquire 
characters,  which  is  met  by  equally  firm  conviction  upon  the  other  sidi 

Herbert  Spencer,  whose  entire  system  of  biology,  psychology,  an 
ethics  is  based  upon  such  transmission,  says :  "  I  will  only  add  tha 
considering  the  width  and  depth  of  the  eftects  which  acceptance  of  od 
or  other  of  these  hypotheses  must  have  on  our  views  of  life,  mind,  morali 
and  politics,  the  question  which  of  them  is  true  demands,  beyond  a 
other  questions  whatever,  the  attention  of  scientific  men."  *  This  show 
that  Spencer  considers  the  matter  still  ftubjudice,  and  lest  you  may  thin 
I  am  bringing  before  you  an  issue  in  which  learning  and  exi>erienc 
arc  ranged  against  ignorance  and  prejudice,  I  have  taken  some  pain 
by  (correspondence  with  a  number  of  friends  abroad  to  learn  the  pre> 
ent  state  of  opinion.  The  two  leading  English  and  French  authoritie 
u])on  this  subject  express  themselves  doubtfully. 

Galton's  mind  is  still  wavering,  as  in  his  work  of  1889  he  says: 

'*1  am  unprepared  to  say  more  than  a  few  words  on  the  obscure 
unsettled,  and  much-discussed  subject  of  the  possibility  of  transmitting 
jwquired  fiieulties.  -  -  -  There  is  very  little  direct  e\idence  of  it« 
infiuence  in  the  course  of  a  single  generation,  if  the  i>hrase  of  ^acqnireci 
faculties'  is  used  in  perfect  strictness  and  all  inheritance  is  exchule<i 
that  could  be  referred  to  some  form  of  natural  selection,  or  of  infectiou 
before  birth,  or  of  peculiarities  of  nurture  and  rearing.^' t 

*  Nineteenth  Century,  1880. 

t  Natnral  Inheritance,  1889,  p.  14. 
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Eibot,  although  iu  the  center  of  the  French  Lamarckians,  says :  ^'Not- 
witliKtanding  these  fiicts  the  transmission  of  acquired  modifications 
appears  to  be  very  limited,  even  when  occuring  in  botli  of  the  parents." 
Excepting  from  Kolliker;  His,  the  Leipsic  anatomist;  PflUger,  the 
physiologist;  Zicgler,  in  pathology;  and  De  Vries,  in  botany,  Weis- 
mann  has  not  found  much  sympathy  from  his  own  countrymen  in  his 
opinion  "  that  acquired  characters  can  not  be  transmitted ;  -  -  - 
that  there  are  no  proofs  of  such  transmission,  that  its  occurrence  is 
tlieoretically  improbable,  and  that  we  must  attemjit  to  explain  the 
transformation  of  species  without  its  aid.'-*  Besides  Virchowt  and 
Elmer,  J  Haeckel  has  expressed  himself  strongly  against  Weismanu. 
My  colleague,  Prof.  Wilson,  writes  me  (Munich,  December  31,  1891) 
that,  while  Weismann's  modified  tbeories  as  to  the  phenomena  in  the 
reproductive  cells  are  pretty  generally  accepted,  Hertwig,  Hofer,  Paully, 
I>overi,  and  others  are  pronounced  advocates  of  the  acquired-cbarac- 
ter-transmission  theory. 

In  Pans  Brown-S^quard,  who  was  among  the  first  to  test  thisprob- 
tern  experimentally  by  observing  the  inheritance  of  the  effects  of  nerve, 
fesioiis,  his  assistant,  Dupuy,  Giard,  Duval,  Blanchard,  and  others  are 
^n  the  affirmative,  or  Lamarckian  side. 

Physiologists  generally  have  fought  shy  of  the  ({uestion,  although  I 

^'»iuk  iu  the  end  they  will  be  fon-ed  to  take  it  up  with  the  mori)holo- 

^'*^ts,  and  give  us  the  physio-morphological  theory  of  heredity  of  the 

fixture.    Prof.  Michael  Foster,  of  Cambridge,  and  Prof.  Burdon-San- 

*^crson,  of  Oxford,  both  write  me  that  the  question  has  hardly  come 

"»to  the  physiological  stage  of  inquiry  at  all.    Yet  in  England  Weis- 

''^'^tiu  has  found  his  strongest  supi)orters  among  some  of  the  naturalists: 

"  ^llace,  Lankester,  Thiselton  Dyer,  Meldola,  Poulton,  Howes,  and 

otli^rg.  while,  excepting  Windle,  the  anatomists,  including  Mivart  and 

-^xvson  Tait,  with  Sir  William  Turner  as  the  most  prominent,  are  all 

^^•^•iiarckians.     Huxley,  Romanes,  and  Flower  are  said  to  be  doubtful. 

^*^  this  country  the  opinion  of  naturalists  is  directly  the  outgrowth  of 

^'^^^  class  of  studies  iu  which  each  hai>pens  to  be  engaged.     So  far  as  I 

|^'*ow  every  vertebrfite  and  invertebrate  paheontologist  is  a  Lamarck- 

'*^i,§  for  in  this  field  all  evolution  seems  to  follow  the  lines  of  inherited 

^5Sf^  and  disuse;  most  of  those  engaged  upon  invertebrate  zoology  in- 

^^"tie  to  follow  Weismanu.    I  Inive  conversed  upon  this  subject  with 

''^^ny  physicians,  and  find  that  without  excei)ti(m  the  transmission  ol 

^**|uired  characters  is  an  aeccpted  fact  among  the  profession. 

Exact  fftatement  of  the  problem, — It  is  imjiortant  at   the  outset  to 


''Biolog inches  Ccntralbiatt,  1888,  pp.  G5  and  97. 
tUcbor  den  Transformisnius,  Archivf.  Authropologie,  1889,  p.  1. 
i  Org:inic  K  volution,  upon  the  Law  of  Inheritance  of  Acquirctl  Characters.    Tubin- 
gen, 1888.     Trans. 
^  See  the  writings  of  Hyatt,  Cope,  Kyder,  Dall,  Scott,  and  othurb. 
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Htate  moHt  clearly  what  is  aud  what  is  not  involved  in  this  discnt^^^o^ 
Weismann*  does  not  claim  that  the  reproduction  or  genu  cells  are     ^u. 
influenced  by  habit;  on  the  other  hand,  he  admits  that  most  import^^iz?^ 
modifications  in  these  cells  may  and  do  result  from  changes  of  fcMJd^ 
climate,  from  healthy  or  unhealthy  conditions  of  the  body;  also  &-o/d 
infectious  disease,  where  it  is  quite  as  possible  that  the  microbes  may 
enter  the  reproductive  cells  as  any  other  cells  of  the  body;  from  ako- 
holism,  where  the  normal  molecular  action  of  the  pix)toplasm  of  the 
germ  cells  may  be  disturbed,  resulting  in  abnoriHal  development,  and 
there  are  some  very  interesting  experiments  which  1  shall  cite  on  this 
point;   from  some  nervous  disorders  which  profounaly  modify  cell- 
function  in  all  the  tissues;  in  other  words,  ovum  sanum  in  corporemno. 
But  to  accept  all  this,  and  even  to  include  all  our  rapidly  increasing 
knowledge  of  the  direct  relation  between  such  phenomena  as  produc- 
tion of  deformities  and  determination  of  sex,  and  the  influences  *»r 
environment  uimii  the  ovum;  or  the  influences  of  the  mother  upon  the 
fcBtus — this  is  all  aside  from  the  real  question  at  issue. 

It  may  be  stated  thus:  Given  G,  the  ova  and  spennatozoa,  the  germ 
cells  or  material  vehicles  of  heredit^iry  characters;  X  the  body  or  so- 
matic cells  of  all  the  other  tissues  conveying  the  hereditary  characters 
of  nerve,  muscle,  and  bone;  1',  the  variations  in  these  body  cells  '^ac- 
quired''during  lifetime;  given  these  factors,  the  real  question  is:  Do 
influences  at  work  producing  variations  in  certain  boily  cells  of  the 
parent  so  affect  the  germ  cells  of  the  parent  that  they  re-api>ear  in  ci»r- 
responding  body  cells  of  the  ott'springf  To  take  a  concrete  cjuse,  will 
the  increased  use  of  the  cells  of  the  extensor  indicis  nuiscle  in  the 
parent  so  stimulate  that  portion  of  the  germ  cells  which  represents  this 
muscle  that  the  increment  of  growth  will  in  any  degree  re-appear  in 
the  offspring! 

This  is  what  is  required  of  hereility  upon  the  Lamarckian  hypothe- 
sis, aud  I  think  you  will  see  at  once  that  while  this  hypothesis  siiii- 
plifles  the  problem  of  evolution  it  in  a  corresponding  degree  renders 
more  difficult  the  problem  of  heredity — for  we  have  not  the  first;  i-ay  of 
knowledge  of  what  such  a  process  involves.  There  is  no  quality  moi-e 
essential  to  scientific  progress  than  common  honesty;  if  we  t^ike  a 
position  let  us  face  all  its  consequences;  the  more  we  reflect  uix>u  it 
the  more  serious  the  Lamarckian  position  beeonu^s. 

In  the  present  lecture  let  us  first  briefly  review  the  progress  of  the 
science  of  heredity  which  has  led  up  to  the  present  discussion.  Second, 
let  us  examine  the  evidence  for  aud  against  the  Lamarckian  theory, 
and  inquire  how  far  natural  selection  can  explain  all  the  facts  of  evolu- 
tion. Third,  let  us  examine  the  evidence  for  such  a  continuous  relation, 
between  the  body  cells  and  germ  cells  as  must  exist  if  the  Lamarckiau 
theory  is  the  true  one. 

History  of  the  heredity  iheory.-^ln  a  valuable  summary  of  the  pa«t 
*  6cQ  Kasays  upon  Hurodity  aud  Kiudrcd  Biological  i^*obIoiiib,  18i^.    Xraiu». 
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tlieoiies  of  heredity*   J.   A.  Tbompsoii  (listiiiguislies   three  j^eneral 
problems,  which  are  often  confused:    Ist.  What  characters  distinguish 
tlie  germ  cells  from  other  cells  of  tlie  body?    2d.  How  do  the  germ 
cells  derive  these  distinguishing  characters!    3d.  How  shall  we  inter- 
pret '*  particulate"  inheritance,  or  the  re-appearance  of  single  peculiari- 
ties in  the  offspring? 

The  various  theories  may  be  grouped  under  two  beads,  "  Pangenesis 
of  Germ  cells "  and  *' Continuity  of  Germ  cells"  according  to  the 
domiuating  idea  in  each. 

1.  Pangeiu\sis. — The  idea  pervading  pangenesis  was  first  exju'essed 

bvDemocritus  that  the  ''  seed ''  of  animals  was  derived  by  contributions 

of  material  particles  from  all  parts  of  the  bodies  of  both  sexes,  and  that 

We  parts  produced  like.    Two  thousand  years  later,  Buffon  revived 

this  conception  of  heredity  in  his  *'  Molecules  organiques."    In  1864 

Herbert  Spencer  suggested    the  existence  of  "  physiological  units,'' 

<Ierived  from  the  body  cells  of  the  pannit,  forming  the  germ  cells  and 

then  developing  into  the  body  cells  of  the  offspring. 

It  is  interesting  to  note  the  course  of  Darwin's  thought  upon  tli  is 

Jiiatter  in  his  published  works  and  in  his  "  Life  and  Letters."    He  was 

•*t  first  strongly  opposed  to  the  views  upon  evolution  advanced  by 

J^uflRon,  by  Erasmus  Darwin,  his  grandfather,  expanded  by  Lamarck, 

*"iU.  now  known  as  Lamarckian.     But  gradually  becoming  convinced 

tiiat  his  own  theory  of  natural  selection  could  not  account  for  all  the 

facts  of  evolution,  he    unconsciously   became  a  strong  advocate  of 

Laujarck's  theory,  and  contributed  to  it  a  feature  which  Lamarck  had 

t^iitirely  omitted,  namely,  a  theory  of  heredity  expressly  designed  to 

^-^plain  the  transmission  of  acquired  characters.    Darwin's  "provi- 

^*<^^ial  hypothesis  of  pangenesis "  f  postulated  a  material  connection 

*^t^een  the  body  cells  and  germ  cells  by  the  circulation  of  minute  buds 

"*^Hi  each  cell;  each  body  cell  throws  off  a  *'  gemmule"  containing  its 

^'^^racteristics,  these  gemmules  multiply  and  become  especially  concen- 

^^'^ted  in  the  germ  cells;  in  the  latter  they  unite  with  others  like  them- 

^^Ves;  in  course  of  develoi)ment  they  grow  into  cells  like  those  from 

^*^ich  they  were  originally  given  off.     (See  Fig  1,  Diagram  ii.) 

Walton,  who  has  always  been  doubtful  in  regard  to  use  inheritance, 
^*^ile  iidvaucing  a  theory  of  "continuity,"  partly  approved  Darwin's 
P^^Ugenesis  idea  in  the  cautious  statement:  **Each  cell  may  throw  oft  a 
'^\v  germs  that  tind  their  way  into  the  circulation  and  thereby  have  a 
'-^uuce  of  entering  the  germ  cells."  J  At  the  same  time  Galton  contrib 
^tedvery  important  experimental  disproof  of  the  existence  of  "gem- 
mules," and  in  fact — of  the  i)opular  idea  of  the  circulation  of  hereditary 
characters  in  the  blood,  by  a  series  of  careful  experiments  upon  the 


•Sec  Proc,  Jiotf.  Soc,  Kdin,,  1886,  i».  03. 

t  See  Anmala  and  Planta  under  Domenftcationfl^lo,  vol.  11,  p.  i>4i). 

t  Contemporary  Jicview,  vol.  xxvii,  i).  80-95. 
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trausfusiou  of  blood  in  rabbits;  he  found  that  tbe  blood  did  not  con- 
vey with  it  even  the  slightest  tendency  to  transfer  normal  character- 
istics from  one  variety  to  another. 
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Miteraal  ... 


c4ttntt*»'v  «.< 
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Caternahr 


**      X. 


Flu.  1. 

/.  o..  fertilizetl  oviuooi  tiiubfuo.  containnm  maternal  and  paternal  charat'teriatics;  S,  :«omft.  orartj"* 
hotly,  containing  n,  «,  m,  rf.  v.  somatic  C'.lb  of  the  various  tiasuos;  and  G.  germ  cells  of  the  repwdncti^ 
glands.  . 

I.  HiSTOGEXEHis.— Showing  the  3ucc«»s3ivc  riac  (7,  and  union/,  o.  of  the  maternal  and  patera^ 
germ  cells  by  dirot^t  histogenesis. 

n.  Panooesis.— Showiu;;  the  tisanes  of  the  body  S.  contribntlng  to  the  germ  cells  G,  so  tii» 
each/,  o.  is  conipo.sed  of  elements  fi-oni  l>oth  tlio  somatic  and  germ  cel^. 

III.  CoNTiMTixy.— Showing  the  division  of  th»'  embrvo/.  o..  into  Aomatoplasm,  «  (from  wbicli »""« 
the  IxMly  cflla),  and  gurm  plasm,  (r  (which  imsaci  direct  io  tlie  gorui  cells),  establishing  a  dirtctcflo- 
tinnity. 

Prof.  Brooks,  of  the  Johns  Hopkins  University,  then  contribute  and 
original  modification  of  i^augenesis  in  which  the  functions  of  the  ova  and 
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ermatozoa  were  sharply  differentiated.*  (1)  He  regarded  the  ovuuv 
a  cell  especially  designed  as  a  storehouse  of  hereditary  characteris- 
s,each  characteristic  being  represented  by  material  particles  of  some 
nd;  thus  hereditary  characters  were  handed  down  by  simple  cell  divi- 
m,each  fertilized  ovum  giving  rise  to  the  body  cells  in  which  its  hered- 
uy  characters  were  manifested  and  to  new  ova  in  which  these  charac- 
rs  were  conserved  for  the  next  generation  (this  portion  of  Brooks's 
eory  is  very  similar  to  Galton's  and  Weismann's).  (2)  The  body 
lis  have  the  power  of  throwing  off  ^^gemmules,"  but  this  is  exercised 
ainly  or  exclusively  when  its  normal  functions  are  disturbed,  as  in 
etiitrophic  exercise  or  under  change  of  environment.  (3)  These  gem- 
ales  may  enter  the  ovum,  but  the  spermatozoan  is  their  main  center, 
ccording  to  this  view  the  female  cell  is  rather  conservative  and  the 
ale  cell  progressive;  the  union  of  these  cells  produces  variability  in 
le  offspring,  exhibite^l  especially  in  the  regions  of  the  offspring  cor- 
ispoudiug  to  the  regions  of  functional  disturbance  in  the  parent, 
his  hypothesis  was  well  considered,  and  while  that  feature  of  it  which 
istmguishes  the  male  and  female  germ  cells  as  different  in  kind  has 
^Q  disproved,  and  the  whole  conception  of  gemmules  is  now  abandoned, 
le  fact  still  remains  that  we  shall  nevertheless  be  obliged  to  offer  some 
^pothesis  to  explain  the  facts  disregarded  by  Weismann  for  which 
fooks  provides  in  his  theory  of  the  causes  of  variation. 

2.  Continuity  of  germ  cells. — The  central  idea  here  is  an  outgrowth 
our  more  modern  knowledge  of  embryogenesis  and  histogenesis,  and 
therefore  comparatively  recent;  it  is  that  of  a  fundamental  dis- 
iction  between  the  "germ  cells,^'  as  continuous  and  belonging  to  the 
5e,  and  the  "body  cells,"  as  belonging  to  the  individual.  Weismann 
s  refined  and  elaborated  this  idea,  but  it  was  not  original  with  him. 
ftichard  Oweu,t  in  1840,  Haeckel,t  in  1866,  Rauber,§  in  1879,  in  turn 
elt  upon  the  distinction  which  Dr.  Jaeger,  now  of  manufacturing 
tie,  first  clearly  stated : 

"Through  a  great  series  of  generations  the  germinal  protoplasm  re- 
ds its  specific  properties,  dividing  in  every  reproduction  into  an 
uogenetic  portion,  out  of  which  the  individual  is  built  up,  and  a 
jrlogeuetic  portion,  which  is  reserved  to  form  the  reprodu<*tive 
terial  of  the  mature  offspring.  This  reservation  of  the  phylogenetic 
terial  I  described  as  the  continuity  of  the  germ  proto]»lasm.  -  -  - 
capsuled  in  the  ontogenetic  material  the  phylogenetic  protoplasm 
sheltered  from  external  influences,  and  retains  its  specific  and  em- 
ronie  characters.^  The  Litter  idea  has,  under  VV^eismann,  been 
mnded  into  the  theory  of  isolation  of  the  geim  cells. 
>alton   introduced  the  term  "stirp"  to    express  the  sum  total  of 

•  The  Law  of  Heredity,  1883. 

tSe^  P.^rthenogeiiesis^  in  his  Anatomif  of  VerUbraiea. 

♦  Generclle  Morphologir,  vol.  ii,  p.  170. 
^ZooL  Anz.j  vol.  ix,  p.  166. 

H.  Mis.  114 22 
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hereditary  organic  units  coiitaiued  iu  the  fertilized  ovum.    His  con- 
ception of  heredity  wa8  derived  from  the  study  of  man,  and  he  sup- 
ported the  idea  of  continuity  in  the  germ  cells  in  order  to  account  for 
the  law  of  transmission  of  "latent''  characters;  it  is  evident  from  this 
law  that  only  a  part  of  the  organic  units  of  the  "stirp"  become  "patenf 
in  the  individual  body;  some  are  retained  latent  in  the  germ  cells,  and 
become  patent  only  in  the  next  or  some  succeeding  generation.   For 
example,  the  genius  for  natural  science  was  "patent"  in  Erasmus  Dar- 
win, grandfather  of  the  great  naturalist,  it  wa«  "latent"  in  his  son, 
and  re-appeared  intensified  in  his  grandson,  Oharles  Darwin.    1  have 
elsewhere*  summed  ui)  as  follows  Galton's  general  results,  which  so 
remarkably  strengthen  the  "continuity"  idea:    We  are  made  up,  bit 
by  bit,  of  inherited  structures,  like  a  new  building,  composed  of 
fragments  of  an  old  one,  one  element  from  this  progenitor,  another 
from  that,  although  such  elements  are  usually  transmitted  in  groups. 
The  hereditary  congenital  constitution  thus  made  up  is  far  stronger 
than  the  influences  of  environment  and  habit  upon  it.      A  large 
portion  of  our  heritage  is  unused,  for  we   transmit  peculiarities  we 
ourselves  do  not  exhibit.    The  contributions  from  each  ancestor  can 
be  estimated  in  numerical  proportions,  which  have  been  exactly  deter- 
mined from  statistics  of   stature  in  the  English  race;  thus  the  con 
tributioris  from  the  "  patent "  stature  of  the  two  parents  together  con- 
stitute one-half  while  the  contributions  by  "  latent"  heritage  from  the 
grandparents  constitute  one-sixteenth,  etc.    One  of  the  most  important 
demonstrations  by  Galton  is  the  law  of  regression;  this  is  the  factor 
of  stability  in  race  type  which  acts  as  gravitation  does  upon  the  pen- 
dulum;  if  an  individual  or  a  family  swing  far  from  the  average 
characteristics  of  their  race,  and  display   exceptional  physical  or 
mental  qualities,  the  principle  or  regression  in  heredity  tends  to  draw 
their  offspring  back  to  the  average. 

Now  how  shall  we  distinguish  regression  from  reversion!  Very 
clearly,  I  think;  regression  is  the  short  pull  which  tends  to  draw  every 
variation  and  the  individual  as  a  whole  back  to  the  contemporary  typ- 
ical form,  while  reversion  is  the  long  pull  which  draws  the  typical  form 
of  one  generation  back  to  the  typical  form  of  a  very  much  earlier  gen- 
eration. These  forces  are  evidently  akin,  and  in  the  shades  of  trans- 
ition from  one  type  to  another  we  would  undoubtedly  find  a  const4int 
diminution  numerically  in  the  recurrence  of  characters  of  the  older 
type,  iind  thus  "  regression  "  would  pass  insensibly  into  "  reversion/ 

Weismann  has  carried  the  idea  of  continuity  to  its  exti'eme  in  his 
simple  and  beautiful  theory  of  heredity,  which  is  tbundexi  ujK>n  the 
postulate  that  there  is  a  distinct  form  of  protoplasm,  with  de1iuit<? 
chemical  and  molecular  properties,  set  apart  as  the  vehicle  of  inherit 
ance;  this  is  the  germ  plasm,  f/,  (juite  separate  from  the  protoplasm 
of  the  body  cells  or  somatoplasm,  8.    Congenital  characters  arising  in 


'  Jtlantir  Monthly,  March,  1891,  p.  359. 
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lie  ^erm-cells  are  called  blastogeiietic,  while  acquired  characters  aris- 
ng  ill  the  body  cells  are  somatogenetic. 

To  clearly  understand  this  view,  let  us  follow  the  history  of  the  fer- 
ilized  ovum  in  the  formation  of  the  embryo.  It  first  divides  into  soma- 
0  plasm  and  germ-plasm  (see  Fig.  1,  Diagram  iii),  the  former  supplies 
ill  the  tissues  of  the  body — n,  «,  w,  d,  v,  nervous,  muscular,  vascular, 
ligestive,  etc. — with  their  quota  of  hereditary  structure;  the  residual 
;;ermplasm  is  kept  <listinct  throughout  the  early  process  of  embryonic 
«11  division  until  it  enters  into  tlie  formation  of  the  nuclei  of  the  re- 
)roda(!tive  cells,  the  ova  or  spermatozoa.  Here  it  is  isolated  fi'om 
^liaQgcs  of  function  in  the  somatoplasm,  and  in  common  with  all  other 
)rotoplasm  is  capable  of  unlimited  growth  by  cell  division  without  loss 
)r deterioration  of  its  past  store  of  hereditary  properties;  these  prop- 
jrties  are  lodged  in  the  nucleus  of  each  ovum  and  spermatozoan,  and 
uhese  two  cells,  although  widely  different  in  external  accessory  struc- 
ture (because  they  have  to  play  an  aetive  and  passive  part  in  the  act 
)t*  conjugation),  are  exactly  the  same  in  their  essential  molecular 
itnicture,  and  the  ancestral  characters  they  convey  differ  only  because 
tbey  come  along  two  different  lines  of  descent.  When  these  feells  unite 
they  carry  the  germ- plasm  into  the  body  of  another  individual.  Thus 
the  somatoplasm  of  each  individual  dies,  while  the  germ-plasm  is  im- 
»ortal;  it  simply  shifts  its  abode  from  one  generation  to  another;  it 
'onstitates  the  chain  from  which  the  individuals  are  mere  offshoots. 
Oius  the  germ-plasm  of  man  is  continuous  with  that  of  all  ancestors 
n  his  line  of  descent,  and  we  have  an  explanation  of  the  early  stages 
►bberved  in  development  in  which  the  human  embryo  passes  through 
^  succession  of  metamorphoses  resembling  the  a<iult  forms  of  lower 
Yves, 

In  order  to  emphasize,  as  it  were,  the  i)assage  of  the  germ-plasm 
om  one  generation  to  another  without  deterioration  in  its  marvellous 
ereditaiy  fwwers,  Weismann  added  the  idea  of  its  isolation.  Not  only 
DCS  he  repudiate  tlie  pangenesis  notion  of  increment  of  germ-plasm 
7  addition  of  gemmulcs,  but  he  believes  that  it  is  unaftected  by  any 

the  normal  changes  in  the  somatic  or  body  cells.  As  this  continuity 
id  isolation  wouhl  render  impossible  the  transmission  of  characters 
quired  by  the  somatoplasm,  Weismann  began  to  examine  the  evi- 
nce for  such  transmission,  and  coming  to  the  conclusion  that  it  was 
mtticient,  in  his  nottible  essay  on  '^  Heredity,''  in  1883,  he  boldly  at- 
;ked  the  whole  Lamarckian  theory  and  has  continued  to  do  so  in  all 
i  subsequent  essays. 

Being  forced  to  explain  evolution  without  this  factor,  he  claimed 
it  v^ariatiou  in  the  germ  plasm  was  constanly  arising  by  the  union 
plasmata  from  different  lines  of  descent  in  fertilization,  and  that 
9se  variations  are  constantly  being  acted  upon  by  natural  selection 

I>roduce  new  types,  lie  thus  revived  Darwin's  earlier  views  of 
filutiou,  and  this  in  part  explains  his  strong  support  by  English  nat- 
alist^. 
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It  will  be  seen  at  once  that  there  are  a  number  of  distinct  qu 
involved. 

The  matterof  first  importance  in  life  is  the  rex>etition  and  prese 
of  type,  the  principle  which  insures  the  unerring  accuracy  and  p: 
with  which  complex  organs  are  built  up  from  the  germ  cells;  tl 
of  regression  and  the  more  remote  forces  of  reversion  all  work 
conservative  direction ;  the  theory  of  the  i)re8ervation  of  these  f 
a  specific  and  continuous  form  of  protoplasm  in  by  far  the  most 
ble  we  can  offer  at  present. 

The  matter  of  second  importance,  but  equally  vital  to  the  pi 
tiou  of  races,  in  the  long  run,  is  the  formation  of  new  types  adi 
new  circumstances  of  life.  I  shall  now  attempt  to  show  that  ti 
of  evolution,  while  not  inconsistent  with  the  idea  of  continuity 
germ  plasm,  are  wholly  at  variance  with  the  idea  of  its  indepe 
separation,  or  isolation  from  the  ftinctions  of  the  body.  This 
done  by  proving,  first,  that  the  theory  of  evolution  solely  by 
selection  of  chance  favorable  variations  in  the  germ  x)lasm  h 
quate;  second,  that  the  inheritance  of  definite  changes  in  the 
cells  is  also  necessary  to  explain  evolution,  and  therefore  thei 
exist  some  form  of  force  or  matter  which  connects  the  activities 
somatoplasm  with  those  of  the  germ  plasm. 

In  the  following  table  are  placed  some  of  the  facts  of  humai 
tion  which  we  have  observed  in  the  first  lecture,  and  as  they  a 
of  inheritance,  they  also  constitute  the  main  external  pheuoi 
heredity: 

Phenomena  of  heredity. 


CoDservativo  (toward  past  type). 

a.  Kepetition  of  parental  type. 

b.  Kegression  (in  many  characton)  t>o 

contemporary  race  type. 

e,  Rovcraion  (aiainly  in  single  charac- 
ters) to  past  race  type. 


Natural. 


Progressive  (toward  fntc 


.  Fortuitous  and  in- 
'     definite. 


Variability. 


a.  Definite  variation  in  sin 

ters,  by  accumulatlos 

b.  I>efinite  variation  in  mi 

tera    (from    contemp 
type). 


What  are  causes  of  these  various  phenomena! 

Factors  of  evolution. — The  term  "kinetogenesis"  has  been 
to  the  modern  form  of  the  Lamarckian  theory,  for  it  is  an  applic 
kinetic  or  mechanical  principles  to  the  origin  of  all  structures 
teeth,  bone,  and  muscle.  It  would  be  fatal  to  this  theory  if  it  < 
shown  that  the  changes  taking  place  in  course  of  a  normal  int 
life,  under  the  laws  of  use  and  disuse,  are  inadaptive,  or  do  n< 
spend  to  those  observed  in  the  evolution  of  the  race. 

The   relative    growth  ^f  Organs. — Ball,*   in    his    long  ju 
against  Lamarckianism,  claims  that  such  is  the  case,  and  t 

*  Op.  cii.,  p.  129. 
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inheritanec  would  be  an  actual  evil:  *' Bones  would  ot'ten  be  modified 
disastrously.  Thus  the  condyle  of  the  human  jaw  would  become 
larger  th«an  the  body  of  the  jaw,  because  as  the  fulcrum  of  the  lever 
it  receives  more  pressure.  Some  organs  (like  Mie  heart,  which  is 
always  at  work)  would  become  inconveniently  or  unnecessarily  large. 
Other  absolutely  indispensable  organs  which  are  comparatively  pas- 
sive or  are  very  seldom  used  would  dwindle  until  their  weakness 
caused  the  ruin  of  the  individual  or  the  extinction  of  the  species." 
Re  later  cites  from  Darwin*  the  "Report  of  the  United  States  Com- 
misisiou  upon  the  Soldiers  and  Sailors  of  the  Late  War/'  that  the 
loiijjer  legs  and  shoi'ter  arms  of  the  sailors  are  the  reverse  of  what 
shonld  result  from  the  decreased  use  of  the  legs  in  walking  and 
inereitsed  use  of  the  arms  in  pulling.  A  little  reflection  on  Mr.  Ball's 
part  would  have  spared  us  this  crude  objection,  for  whatever  difficul- 
tiis  may  arise  from  theoretical  speculation  as  to  the  laws  of  growth, 
or  fi-oin  statistics,  the  fact  remains  that  activity  nmst  increase  adapta- 
tion in  every  part  of  the  organism;  otherwise  the  runner  and  the 
trotting  horse  should  be  kept  off  the  track  to  increase  their  speed, 
the  pianist  should  employ  as  little  finger  exercise  as  jiossible.  If  the 
^owtli  tendencies  in  single  organs  are  transmitted,  it  is  evident  that 
the  adaptive  adjustments  between  these  tendencies  will  also  be  trans- 
mitted. 

The  Feet. — In  point  of  mechanical  adaptation,  man,  with  the  single 
exception  of  his  thumb  and  forearm,  has  not  ijrogressed  beyond  the 
ttiost  primitive  eocene  quadruped.    The  laws  of  evolution  of  the  foot 
in  the  ungulate  or  hoofed  animals,  which  have  been  especially  studied 
hy  Kowalevsky,  Ryder,  Cope,  and  myself,  affords  a  conclusive  dem- 
onstration that  the  skeletal  changes  in  the  individual  coincide  with 
those  which  will  mark  the  evolution  of  the  race.     In  the  earliest  un- 
gulates the  carpals  and  tarsals  are  disposed,  as  in  man,  directly  above 
^h  other,  with  serial  joints,  as  in  diagram  Aj  Fig.  2;  in  the  course 
of  evolution  all  these  joints  became  interlocking,  as  in  diagram  B, 
^'g.  3;  thus  producing  an  alternation  of  joints  and  surfaces  similar  to 
those  which  give  strength  to  masonry.    In  studying  these  facts  Copet 
^vhed  a  certain  theory  as  to  the  motion  of  the  foot  and  leg  in  loco- 
njotion.    In  trying  to  apply  this,  I  found  it  could  not  be  harmonized 
^ith  all  the  facts,  and  1  worked  out  an  entirely  different  theory .|    This 
^  found  subsequently  coincided  exactly  with  the  results  previously 
obtained  by  Muybridge,  by  the  aid  of  instantaneous  photographs,  and 
suinmarizcd  by  Prof.  Harrison  Allen,  of  the  TJniveisity  of  Pennsyl- 
vania.§ 
Tlie  monodactylism  of  the  horse  was  attained  by  the  atrophy  of  the 

•  Descent  of  Man,  p.  32. 

t  American  yaturalint,  1887,  p.  986. 

t  Se«  Trann.  of  American  Philosophical  Society,  1889,  p.  561.    Philadelphia. 

J  The  Muybridge  Work  at  tho  University  of  PenuHylvania.     Phihulclphia,  1888. 
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liiteml  toes,  and  concentration  of  the  major  axLs  of  body  weight  and 
strain  upon  the  middle  tinker  and  toe.  Man  is  alKo  tending  toward 
nionodactylisin  in  the  foot  by  the  establishment  of  the  major  axis 
through  the  large  toe  and  atrophy  of  the  outer  toes.  The  present  atro 
phy  of  our  small  toe  is  as  good  a  parallel  as  we  can  find  of  the  changes 
which  were  occurring  in  the  eocene  x)eriod  among  the  ancestors  of  the 
horse. 

The  Teeth. — But  how  about  the  teeth,  in  which  there  is  an  absolute 
loss  of  tissue  in  consequence  of  use?  This  is  another  objec^tion  raise*! 
by  Ball,  Poulton,  and  others,  which  disappears  upon  examination. 

The  dental  tissues,  while  the  hardest  in  the  body,  and,  unlike  bone, 
inca])able  of  self-repair,  are  not  only  both  living  and  sensitive,  hut,  to 


<l      9A 


PW/«     thAfX      Xcd*.      Aim*.    Minimi 


Fio.  2. 

PRIMITIVK   UNr.n^TE   FOOT.— Lilion  o\ 

voHicnl  deaviijjft  on  either  »ido  of  tlm 
raidUlc  toe.  III.  Spreading  of  tiics  would 
caiiHe  Heparatioii  of  tlie  carpaln. 


Traj 


RKCKNT  rNQl'LATB  FlWT.— >'o  linW 
of  vertic.-d  cleavage.  All  joiiits  brok»'n 
by  onlnrgenient  of  8C«'tpboid.  unriforfu. 
aiid  radian,  the  boxiep  reieivinj:  .ereatwt 
iinpaet  iu  walking.  Lateral  ioe.^,!.^' 
<legen«'rate. 


a  very  limited  degree,  plastic  and  capal)le  of  change  of  form.  Ei 
hypotheMj  it  is  not  the  growth,  but  the  reaction  tendency  which  pro 
(luces  the  growth,  which  is  transmitted.  The  evolution  of  the  teetlu 
therefore,  iklls  into  the  same  category  as  bone.*  In  the  accompanying 
figures  I  have  epitomized  the  slow  transformation  of  the  single-fanged 
conical  reptilian  tooth,  such  as  we  sec*,  in  the  serpents,  into  the  low- 
crowned  human  grinder.  We  now  know  all  the  transition  forms,  so 
that  we  can  homologi^e  ea<;h  of  the  cusps  of  the  human  molar  with  its 
varied  ancestral  forms  in  the  line  of  des(*eiit.  For  example,  the  anterior 
lingual  or  inner  cusp  of  the  upper  true  molars  traces  its  jiedigree  hack 
to  the  reptilian  cone.  The  anterior  triangle  of  cusps,  or  trigon,  seen  in 
the  mesozoic  mammalia  and  jiersisting  iu  the  first  inferior  true  molar 
of  the  modern  dog,  is  still  seen  as  the  main  portion  of  the  crown  of  the 
human  upper  molars  [pr,  pa,  me).    To  this  was  added,  ages  ago,  tht* 


"  fiee  especially  the  papers  of  Ryder,  Cope,  and  the  writer,  **  Kvolntiou  of  Mam- 
malian Molars  to  and  from  the  Tritiibercular  Type/'  Americun  Naturalintj  1889. 


PRESENT  PROBLEMS  IN  EVOLUTION  AND  HEREDITY. 


343 


sterior  lingaal  cusp,  or  hypocone,  which,  slh  Cope  has  shown,  is  ex- 
bited  in  various  degrees  of  development  in  different  races  and  is  an 


fi4i^mt^ 


me' 


/Mt**'  nu^ 


8 


me"    r/i 


Fig.  4. 


■VOLTOow  OF  THE  CUSPS  OP  THB  HUMAN  i/)WER  Moi*A.R.— j>H.  protoconid  (anterior  buccal  cnspV ; 


^ne  caniivoro  {miaciM)^  showing  how  the  low  tabercular  crown  mS  ia  derived  from  the  high  crown 
■Diagram  7. — Eocene  monkf^y  (Anaptomorphv^i),  showing  how  the  primitive  anterior  lingual  cunp 
aiMppears.    Diagram  8.— Human  first  molar  with  its  ancestral  cnsps. 

portant  race  index.  *  A  glance  through  the  diagrams  shows  that 
B  development  of  the  crown  has  been  by  the  successive  addition  of 
^  cusps.    Without  entering  upon  the  details  of  evidence,  which 

trtao/u 
/  -_  ^  A 

[U. 


fri^nid\ 


/<«'- 


TTpper  and  lower  molars  opjHJsed. 
I'm.  5. 


r  TO  FiJiN  OP  irppEB  AND  LOWER  Moi^RK  IN  ALL  HAMMAL8.— Ea<tli  tooth  consists  of  u  t  rlanffle, 
i,  with  the  protocone,  pr,  at  the  apox.  The  apex  is  on  tho  inner  side  of  tlie  upiM»r  molars  and  on 
II Ut  Hide  or  th«  lower  molars. 


lid  be  out  of  place  here,  I  may  say,  briefly,  that  the  new  main  ciusps 
e  developed  at  the  points  of  maximum  wear  (/.  e.,  use),  and  con- 


riie  upper  molars  in  manj'^  Esquimaux  are  triaiignlar  (as  in  Yi^.  6,  diagram  11); 
iOf*t  iiegro«w  tliey  are  square  (diagram  12).     In  our  rare  they  are  int^^rmediate. 
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veraely  in  the  degeneration  of  the  crown,  disuse  foreshmlows  atrophy 
and  disappearance. 

Upon  the  whole,  with  some  exceptions  which  we  do  not  at  present 

understand,  the  course  of  evohition  of  the  teeth  supports  the  evi 

dence  derived  from  tlie  skeleton  that,  whether  any  true  causal  relation 

has  existed  or  not,  the  lines  of  individual  transformation  in  the  whole 

*  fossil  series  preceded  those  of  race  transformation. 


Me 


m^ 


/»r      Hjt 


ii 


Fig.  C. 


Evolution  op  ttik  imnANrrPKR  molars.— Diagram  W- — AnapUnnnrph.\%»,  a  Lowor  Eocene  monkev. 
Diagram  10. — An  Upper  lloceiio  inoiikcy.  Dia^rHtiis  11  and  12. — Iluinun:  11,  KMitiimaiix:  1*2.  iirtjcra. 
Si'O  aitdition  of  "  talun,"  hy.  to  '*  trigon  '  couipos^Hl  of  pa^  irr,  i/»^. 

Tlie  rise  of  new  organs. — We  owe  to  Dr.  Arbuthnot  Lane  a  most 
interesting  series  of  studies  upon  the  influences  of  various  occupa 
tions  uiK)n  the  human  body.  He  proves  conclusively  that  individual 
adaptation  not  only  produces  profound  modifications  in  the  i>roportion8 
of  the  vjirious  parts,  but  gives  rise  to  entirely  new  structures. 

His  anatomy  and  physiology  of  a  shoemaker*  shows  that  the  life  long 
habits  of  this  laborious  trade  produce  a  distinct  type,  which  if  ex- 
amined by  any  zoological   standard  would    be  unhesitatingly  pro- 
nounced a  new  species — homo  sartorius.    The  psychological  analysis 
which  a  Dickens  or  Balzac  would  draw,  showing  the  influences  of  the 
struggle  for  existence  upon  the  spirit  of  this  little  tailor,  could  not  be 
more  pathetic  than  Dr.  Lane's  analysis  of  his  body.    The  bent  form, 
crossed  legs,  thumb  and  forefinger  action,  and   peculiar  jerk  of  the 
head  while  drawing  the  thread,  are  the  main  features  of  sartorial  habit. 
The  following  are  only  a  few  of  the  results:  The  muscles  tended  to 
recede  into  tendons,  and  the  bonv  surfaces  into  which  they  were  in 
serted  tended  to  grow   in  the  dire(»tion   of  the  traction   which  the 
muscle  exerted  upon  them.    The  articulation  between  the  sternum  and 
the  clavicle  was  converted  into  a  very  complex  arthrodial  joint,  con- 
stituting almost  a  ginglyinoid  articulation.      The  sixth  pair  of  ribs 
were  anchylosed  to  the  bodies  of  the  vertebrse,  indicating  that  they 
had  ceased  to  rise  and  fall  with  sternal  breathing,  and  that  respira- 
tion was  almost  exclusively  diaphragmatic.    The  region  of  the  head 
and  first  two  vertebne  of  the  neck  was  still  more  striking:  the  trans- 
verse i)rocess  of  the  right  side  of  the  atlas,  toward  which  the  head 
was  bent,  formed  a  new  articulation  with  the  under  surface  of  the 
jugular  process  of  the  occipital  bone,  ''  a  small  synovial  cavity  sur- 
rounded this  acquired  articulation,  but  there  was  no  appearance  of  a 


*  Journal  of  Anatomy  and  PhyBiohgy,  1888,  p.  595. 
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Jar  ligainent;"  the  left  lialf  of  the  axis  was  united  by  bone  to 
orrespondinpf  portion  of  the  third  cervical;  there  was  found  a 
ipward  prolonpition  of  tlie  odontoid  peg  of  the  axis,  and  a  new 
sory  transverse  ligament  to  keep  it  from  pressing  upon  the  cord. 
3rt,  *'  the  anatomy  of  the  shoemaker  represents  the  fixation  and 
quent  exaggeration  of  the  position  and  tendencies  to  change 
{  were  present  in  his  body  when  he  assumed  the  position  for  a 
period  of  time. 

)G  of  inheritance. — This  illustration  serves  also  to  emphasize  the 
c<mtrast  between  the  rapidity  of  individual  transformation  and 
owness  of  race  transformation.  No  one  would  expect  the  son  of 
hoemaker  to  exhibit  any  of  these  acquired  malfonnations.  Yet 
ane  thinks  he  has  observed  such  eftects  in  the  third  generation 
e  summation  of  similar  influences. 

palseontological  evidence  goes  to  show  that  the  eflPects  of  normal 
4,  if  transmitted  at  all,  would  be  entirely  imperceptible  in  one 
ation.  The  horse,  for  example,  has  iiot  yet  completely  lost  the 
1  toes  which  becamie  useless  at  the  end  of  the  Upper  Eocene  period. 
>bje<!tion  as  to  rate  of  evolution  may  be  urged  with  equal  force 
st  the  natural  selection  theory.  It  is  obvious  that  the  active  pro- 
ive  principle  in  evolution  (whatever  it  is),  must  contend  with  the 
lous  conservative  i)ower  of  inheritance,  and  this,  to  my  mind,  is 
f  the  strongest  arguments  against  the  i)ossibilities  of  the  rise  of 
ive  organs  by  the  selection  of  chance  favorable  variations  in  the 
plasm. 

plication  to  human  evolution. — Principles  underlying  these  illus- 
ns  may  now  be  applied  to  some  of  the  facts  in  human  evolution 
lit  out  in  the  first  lecture.  They  show  that  if  functional  tenden- 
re  transmitted  we  can  comprehend  tlie  distinct  evolution  history 
;h  organ;  the  rise  and  fall  of  two  organs  side  by  side;  the  definite 
urposive  character  of  some  anomalies;  the  increase  of  variability 
5  regions  of  most  rapid  evolution;  the  correlation  of  development 
c<j,  and  degeneration  in  the  separate  organs  of  the  shoulder,  hand, 
>ot. 

.  even  granting  this  theory  there  still  remain  difficulties.  The 
3n  of  use  and  disuse  to  some  of  the  contemporary  changes  in  the 
n  backbone  is  rather  obscure.  1  would  hesitate  to  pronounce  an 
m  as  to  whether  our  present  habits  of  life  are  tending  to  shorten 
nibars,  increase  the  spinal  curvatures,  and  shift  the  pelvis  with- 
aking  an  exhaustive  study  of  human  motion.  Among  the  influ- 
wliicli  Dr.  Lane  has  suggested*  as  operative  here  are  the  wear- 
'  heeled  shoes  and  the  increase  of  the  cranium.  He  considers  the 
onal  or  sixth  lumbar  vertebra  as  a  new  element  rather  than  as  a 
don,  and  works  out  in  some  detail  the  mechanical  effects  of  the 


*  Journal  of  J  fi atomy  and  Physiology f  1888,  p.  219. 
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presence  of  tlie  fetus  upon  female  respiration  (i.  e.j  in  the  sterual  re- 
gion) and  upon  the  pelvis.    Now,  if  it  be  true  that  the  pelvis  is  larger 
in  the  higher  races  than  in  the  lower,  I  do  not  think  that  Dr.  Lane  c^a 
sustain  his  point,  because  in  the  lower  rac4?.s  the  fetus  is  earned  for  an 
equally  long  period,  during  a  much  more  active  life,  and  in  a  more  con- 
tinuously erect  position.     Therefore,  if  these  mechanical  principles 
were  oi)erating,  the  pelvis  in  the  modern  lower  races  should  be  larger 
than  in  the  higher.    On  the  other  hand,  the  form  of  the  female  pelvis 
in  the  higher  races  is  one  of  the  best  established  selecting  or  eliminat- 
ing factors,  a  large  pelvis  favoring  frequent  births  and  the  ])reserva- 
tion  of  those  family  stirps  in  which  it  occurs.    I  mention  this  to  show 
how  cautious  we  must  be  in  jumping  to  conclusions  as  to  kinetogenesis. 
The  transformism  in  all  the  ext,ernal  features  of  the  skull,  jaws,  and 
teeth  may  be  attributed  to  inherited  tendencies  toward  hypertnipliy 
or  atrophy;  but  how  about  the  convolutions  of  the  tnrbinal  bones  or 
the  complex  development  of  the  semicircular  canals  and  cochleti  of 
the  internal  ear  and  the  many  centers  of  evolution  which  are  beyond 
the  influences  of  use  and  disuse?    These  are  examples  of  structures 
which  fortify  Weismann's  contention,  for  if  complex  organs  of  this 
character  can  only  be  accounted  for  by  natural  selection,  why  consider 
selection  inadequate  to  account  for  all  the  changes  in  the  body! 

]>ifficultie8  in  tlie  natural-selection  theory. — The  answer,  I  think,  is 
readily  given :  We  do  not  know  whether  use  and  disuse  are  operating 
upon  the  mechanical  construction  of  the  ear;  we  do  know  that  the 
organ  can  be  rendered  far  more  acute  by  exercise;  but  even  if  it  were 
true  that  habit  can  exert  no  formative  influence,  the  ear  is  one  of  those 
structures  which  since  its  first  origin  has  been  an  important  factor  in 
survival  and  may  therefore  have  been  evolved  by  natural  selection. 
Now,  the  very  fact  that  selection  may  have  to  care  for  variations  in 
such  prime  factors  in  survival  as  the  ear,  renders  it  the  more  difficult 
to  conceive  that  it  also  is  nursing  the  minutijc  of  variation  in  remote, 
obscure,  and  uncorrelated  organs. 

Even  in  the  brief  review  of  human  evolution  in  the  first  lecture  I 
have  pointed  out  eight  independent  regions  of  evolution,  upward  of 
twenty  developing  organs,  upward  of  thirty  degenerating  organs. 
A  more  exhaustive  analysis  wcmld  increase  this  list  tenfold.  Now, 
where  chance  variation  should  ])roduce  an  increase  in  size  in  all  the 
developing  organs,  and  a  decrease  in  size  of  all  the  degenerating 
organs,  and  an  average  size  in  all  the  static  organs,  we  would  have  all 
the  conditions  favoring  survival.  But  the  chances  are  infinity  to  one 
against  such  a  combination  occurring  unless  the  tendencies  of  variation 
are  regulated  and  determined,  as  Lamarckians  suppose,  by  the  in- 
heritance of  individual  tendencies.  But  may  not  the  favorable  vari- 
ations in  the  body  be  grouped  to  either  out-weigh  or  under- weigh  the 
unfavorable  variations?  This  would  be  possible  if  combinations  w- 
curred;  but  we  can  retwlily  see  that  combinations,  such  as  we  observe 
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iu  the  Kepai*ate  elements  of  the  foot  alone,  completely  neutralize  each 
other  so  far  as  '^snrviviir'  is  concerned;  how  the  foot  would  neutralize 
^hehand,  or  the  foot  and  hand  would  neutralize  the  lumbar  region.* 

It  is  this  consideration  of  single  organs,  tlie  observation  of  their  in- 
dej)endent  history,  the  rise  of  new  compound  organs  by  steady  growth 
troiii  infinitesimal  beginnings  of  their  separate  elements,  the  combined 
t^^stimony  of  anatomy  and  palaeontology  which  force  us  to  regard  the 
theory  of  evolution  by  the  natural  selection  of  chance  variations  as 
\*holly  untenable.  With  tbe  utmost  desire  to  regai'd  the  discussion  in 
as  fair  a  spirit  as  iwssible,  the  explanations  offered  by  the  adherents  of 
Weismann's  doctrine  strike  me  as  strained,  evasive,  and  illogical.t 

VVe  can  however  by  no  means  undervalue  or  dispense  with  natural 
selection,  which  must  be  in  continuous  operation  upon  every  charac»ter 
of  sufficient  importance  to  weigh  in  tlie  scale  of  survival.  I  need 
hardly  remind  you  that  this  selecting  j>rinciple  was  first  discovered  in 
1813  by  Dr.  W.  C.  Wells,  of  Charlestcm,  in  connection  with  the  immu- 
nity from  certain  tropical  diseases  enjoyed  by  negroes  and  mulattoes.f 
The  eliminating  factor  in  selection  is  illustrated  almost  daily  in  cases 
of  appendicUut.  I  regret  I  have  not  had  time  to  ascertain  whether  or 
not  this  disease  is  considered  due  purely  to  accident  or  to  congenital 
variation  in  the  aperture  of  the  appendix,  which  favors  the  admission 
of  hard  objects.  If  so,  modern  surgery  is  only  benefiting  the  individual 
to  the  detriment  of  the  race  by  its  eflBcient  preventive  operations;  and 
every  individual  who  succumbs  to  this  disease  can  reflect  with  melan- 
choly satisfaction  that  he  does  so  pro  bono  publico. 

Conclusions  as  to  the  factors  of  evolution. — The  conclusions  we 
reach  from  the  study  of  the  muscular  and  skeletal  syst^^ms  are  there- 
fore jvs  follows:  1.  That  individual  transformism  in  the  body  is  the 
main  determinant  of  variations  in  the  germ  cells,  and  is  therefore  the 
main  cause  of  definite  progressive  or  retrogressive  variations  in  single 
organs.  2.  That  evolution  in  these  organs  is  hastened  where  all  mem- 
bers of  the  race  are  subject  t^i  the  same  individual  transformism.  The 
cx>ntrast  between  the  rate  of  individual  transformism  and  race  trans- 
formism is  due  to  the  strong  conservative  forces  of  the  germ  plasma. 
3.  That  evolution  is  most  rapid  where  variations  are  of  sufficient  rank 
to  become  factors  in  survival.  Then  selection  and  use  inheritance  unite 
forces  as  active  progressive  principles  opposing  the  conservative  prin- 
ciple in  the  germ  plasma.  4.  That  fortuitous  and  chance  variations 
also  arise  from  disturbances  in  the  body  or  germ  cells;  they  may  be 
perx)etuated,  or  disappear  in  succeeding  generations. 


•  I  have  expanded  this  idea  fally  in  recent  papers  upon  the  theory  of  cn'ohition  of 
the  horse.  See** Are  Acquired  Variations  Inherited f"  American  XalHrnliat,  Veh- 
ruary,  1891. 

t  See  Weisnianu's  lust  essay,  '^Retrogressive  Development,"  in  Nature,  Biol.  Mem., 
trans.,  in  pre^ss. 

tSee  Introduction  of  Darwin's  Origin  of  Species, 
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Applying  these  views  to  variation  there  should  theoretically  ap- 
pear to  be  just  those  two  distinct  classes  of  anomalies  in  the  human 
body  which  we  have  seen  actually  occurring:  First,  those  in  the  path 
of  evolution,  arising  from  perfectly  normal  changes  in  the  somatoplasm 
and  germ-plasm:  second,  those  wholly  unconnected  with  the  course 
of  evolution,  arising  fortuitously  or  from  abnormal  changes  in  tlie 
somatoplasm  or  germ-plasm;  to  this  head  may  be  attributed  the  whole 
scale  of  defoimities.  Tlius  tranformism  and  deformism  should  be 
kept  distinct  in  our  minds.  Nevertheless  the  facts  of  deformism  con- 
tribute the  strongest  body  of  evidence  which  we  can  nuister  at  present 
to  prove  that  there  does  exist  a  relation  between  the  somatoplasm  ami 
germ-plasm  which  renders  transformism  possible. 

The  relutiona  between  the  somatoplasm  and  germ-plasm. — We  have 
seen  reasons  to  take  a  middle  ground  as  to  the  distinct  specific  nature 
of  the  body  cells  and  germ  cells,  and  this  position  is,  I  think,  strength 
encd  the  more  broadlj'  we  extend  our  inquiry  into  all  the  fields  of  pro- 
toplasmic activity. 

There  are  three  questions  before  us. 

1.  What  is  the  evidence  that  the  germ-plasm  and  somatoplasm  are 
distinct? 

2.  What  is  the  specific  nature  of  the  germ-plasm! 

3.  W^hat  is  the  nature  of  the  relations  which  exist  between  the  two! 

1.  The  separation  of  the  germ-plasm  is  in  the  regular  order  of  evolu- 
tion upon  the  principles  of  physiological  division  of  labor.  The  unicel- 
lular organisms  combine  all  the  functions  of  life  in  a  single  mass  of  pro- 
toplasm, that  is,  in  one  cell.  In  the  rise  of  the  multi-cellular  organisms 
the  various  functions  are  distributed  into  groups  of  cells,  which  spe- 
cialize in  the  perfecting  of  a  single  function.  Thus  the  reproductive 
cells  fall  into  the  natural  order  of  histogenesis,  and  the  theory  of  their 
entire  separation  is  more  consistent  with  the  laws  governing  the  other 
tissues  than  the  theory  which  we  find  ourselves  obliged  to  adopt,  that 
while  separates  they  are  still  united  by  some  unknown  threads  with  the 
other  cells. 

The  morphological  separation  of  what  we  may  call  the  race  proto- 
plasm becomes  more  and  more  sharply  defined  in  the  ascending  sc^de 
of  organisms.  Weismann's  contention  as  to  the  absolutely  distinct 
specific  nature  of  the  germ-plasm  and  somato  plasm  has  how^ever  to 
meet  the  apparently  insuperable  difficulty  that  in  many  multi-cellular 
organisms,  even  of  a  high  order,  the  potential  capacity  of  repeating 
complex  hereditary  characters,  and  even  of  producing  perfect  germ 
cells,  is  widely  distributed  through  the  tissues. 

For  example,  cuttings  from  the  leaves  of  the  well-known  hot-house 
plant,  the  begonia,  or  portions  of  the  stems  of  the  common  willow  tree, 
are  capable  of  reproducing  complete  new  individuals.  This  would  in- 
dicate either  that  portions  of  the  germ  plasm  are  distributed  througii 
the  tissus  of  these  organisms,  or  that  each  body  cell  has  retained  \X& 
potential  quota  of  hereditary  chaTacteYs. 
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Among  the  lower  aiiimaLs  we  find  the  same  power;  if  we  cut  a  hydra 
or  bell  animalcule  into  a  dozen  pieces,  each  may  reproduce  a  perfect 
uew  individual.    As  we  ascend  in  the  animal  scale  the  power  is  con- 
fined to  the  reproduction  of  a  lost  part  in  the  process  known  as  recres- 
ceuce.    As  you  well  know,  in  the  group  to  which  the  frog  and  sala- 
mander belong,  a  limb  or  tail,  or  even  a  lower  jaw,  may  be  reproduced. 
The  only  logical  interpretation  of  these  phenomena  is  that  the  heredi- 
tary i)owers  are  distributed  in  the  entire  protoplasm  of  tlie  organism, 
and  the  capacity  of  reproduction  is  not  exhausted  in  the  original  for- 
mation of  the  limb,  but  is  capable  of  being  repeated.    There  has  been 
considerable  discussion  of  late  as  to  the  seat  of  this  power  of  recrescence. 
It  seems  to  me  not  impossible  that  in  the  vertebrates  it  may  be  stored 
in  the  germ  cells,  and  it  would  be  very  interesting  to  ascertain  experi- 
mentally whether  removal  of  these  cells  would  in  any  way  limit  or 
affect  this  power;  we  know  that  such  removal  in  castration  or  ovari- 
otomy sometimes  profoundly  modifies  the  entire  nature  of  the  organ- 
ism, causing  male  characters  to  appear  in  the  female,  and  female  char- 
acters to  develop  in  the  male. 

So  far  as  man  is  concenied  it  has  been  claimed  by  surgeons  that 
genuine  recrescence  sometimes  occurs;  for  example,  that  a  new  head  is 
formed  upon  the  femur  after  exsection ;  but  my  friend  Dr.  V.  P.  Gibney 
informs  me  that  this  is  an  exaggeration,  that  there  is  no  tendency  to 
reproduce  a  true  head,  but  that  a  pseudo-head  is  formed,  which  may 
be  explained  upon  the  principle  of  regeneration  and  individual  tians- 
formism  by  use  of  the  limb. 

Pfliiger's  opinion  is  that  recrescence  does  not  indicate  a  storage  of 
hereditary  ixiwer,  that  there  is  no  pre-existing  germ  of  the  member, 
but  that  the  re-growth  is  due  to  the  organizing  and  distributing  power 
of  the  cells  at  the  ex[»osed  surface,  so  that,  as  new  formative  matter 
arrives,  it  is  built  up  gradually  into  the  limb.  This  view  would  reduce 
recrescence  to  the  level  of  the  regeneration  process  which  unites  two 
cut  sections  of  the  elements  of  a  limb  in  their  former  order.  It  is  partly 
opposed  to  the  fact^  above  referred  to,  w  hich  seem  to  prove  the  dis- 
tribution of  the  hereditary  ])ower.  Yet  it  seems  to  me  quite  consistent 
to  consider  these  three  processes— a,  reproduction  of  a  new  individual 
from  every  part;  b,  recrescence  of  a  uew  member  from  any  part;  c,  re- 
generation of  lost  tissues — as  three  steps  indicating  the  gradual,  but 
not  entire  withdrawal  of  the  reproductive  power  into  the  germ  cells. 

I  have  not  space  to  consider  all  the  grounds  which  support  the  view 
of  the  separation  of  the  germ  cells  in  man.  Some  of  the  more  promi- 
nent are:  the  very  early  diiferentiatiou  of  these  cells  in  the  embryo, 
observed  with  a  few  exceptions  in  all  the  lower  orders  of  animals,  and 
advancing  so  rapidly  in  the  human  female  that  several  months  before 
birth  the  number  of  primordial  ova  is  estimated  at  seventy  thousand, 
and  is  not  believed  to  be  increased  after  the  age  of  two  and  a  half 
years.    The  most  patent  practical  proof  is  that  we  may  remove  every 
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portitiu  of  tlie  body  which  is  not  esHeutial  to  life  aud  yet  the  power  of 
complete  reproduction  of  a  new  individual  from  the  germ  cells  are  un- 
impaired. Amon/^  the  many  reasons  advanced  for  i>ensioniDg  the 
crippled  soldiers  of  our  late  war  you  never  hear  it  urged  that  tlieir 
children  are  incapacitated  by  inheritance  of  injuries.  The  strongest 
proof  however  rests  in  the  evidence  I  have  already  cited  from  hered 
ity  of  the  extraordinary  stability  of  the  germ  cells,  which  is  the  safe- 
guard of  the  race. 

2.  The  specific  nature  of  the  germ-plasm  must  be  considered  before 
we  consider  its  relations.  Wherein  lies  the  conservative  power  of  the 
germ-plaHm,  and  iu  what  direction  shall  we  look  for  its  transtbruiiug 
forces  t  You  see  at  once  that  marvellous  as  is  the  growth  of  cells  in 
other  tissues,  the  growth  of  the  germ  cell  is  still  more  s/o. 

We  find  it  utterly  impossible  to  form  any  conception  of  the  contents 
of  the  microcosmic  nucleus  of  the  human  fertilized  ovum,  which  is  less 
than  one  twenty-five-hundredths  of  an  inch  in  diameter,  but  which  is 
nevertheless  capable  of  i)roducing  hundreds  of  thousands  of  cells  hke 
itself,  as  well  as  all  the  unlike  cells  of  the  adult  organism.  We  can  only 
translate  our  ideas  as  to  the  possible  contents  of  this  nucleus  in  the 
terms  of  chemistry  and  physics.* 

8i)encert  assumed  an  order  of  molecules  or  units  of  protoplasm  lower 
in  degree  than  the  visible  cell  units,  to  the  internal  or  polar  forces  of 
which,  and  their  modification  by  external  agencies  and  inter-action,  Le 
jiseribes  the  ultimate  responsibility  in  reproduction,  heredity',  aud 
iirdaptatiou.  This  idea  of  biological  units  seems  to  me  an  essential  part 
of  any  theory;  it  is  embodied  in  Darwin's  *•  gemmnles,'' in  Haeckel's 
"  plastidules  ;'■  yet,  as  Lankester  says  the  rapid  accumulation  of  bulk  is  a 
theoretical  difficulty  in  the  material  conception  of  units.  In  the  direc- 
tion of  establishing  some  analogy  between  the  repetition  i)ower  of  hered- 
ity and  known  function  of  protoplasm,  Haeckelf  and  Hering§  have 
likened  heredity  to  memory,  and  advanced  the  hypothesis  of  persist- 
ence of  certain  uiidulatory  movements;  the  undulations  being  suscep- 
tible of  change,  a4ul  therefore  of  producing  variability,  while  theirten- 
dency  to  persist  iu  their  established  harmony  is  the  basis  of  heredity. 
Berthold,  Oautier,  aud  Geddes||  have  si)eculated  in  the  elaboration  of 
the  idea  of  metabolism;  the  former  holding  the  view  that  ''inherita.uc€ 
is  possible  only  upon  the  basis  of  the  fundamental  fa<*t  that  iu  the 
chemical  processes  of  the  organism  the  same  substances  and  mixtures 
of  substances  are  reproduced  in  quantity  and  quality  with  regular 
periodicity."  11 


*.Sce  Kay  Lankester,  ^Vri<M.r<;,  July  15,  1876. 
i Principkit  of  Jiioloffiff  vol.  i..  p.  25H. 

t  Perifjenesh  dcr  Plastiduie  oder  die  WeUeitzvmfHny  dir  LvbtfrnUunlvhtH.     .Jenu,  lH7o. 
^  Ueber  d,  (iedd^Mn'ms  als  ein  eallgemcinv  Function  d.  ot'ffanischvn  Matrrir.     Vicnua, 
1870. 
II  Se('  also  TboniHon,  op.  rU.,  ]».  urj. 
51  Berthold:  tStndien  iiber  J*rolophfMin*i'M(f'hrtuik.     Leipsif,  1«X6. 
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have  merely  touched  upon  these  speculations  to  show  that  the  un- 
wii  factors  in  heredity  are  also  the  unknown  factors  in  operation  in 
ig  matter.  All  we  can  study  is  the  external  form,  and  conjecture 
t  this  form  represents  matter  arranged  in  a  certain  way  by  forces 
aliar  to  the  organism.  The^e  forces  are  exhibited  or  patent  in  the 
atic  cells;  they  are  potential  or  latent  in  the  germ  cells, 
he  last  stage  of  our  inquiry  is  as  to  the  mode  in  which  the  action  of 
it  or  environment  upon  the  somatic  cells  can  be  brought  to  bear 
II  the  germ  cells. 

he  nature  of  the  relation  between  the  body  velU  and  germ  veils. — I 
3  already  shown  that  we  are  forced  to  infer  that  such  a  relation 
ts  by  the  facts  of  evolution,  although  these  facts  show  that  the 
smission  of  noimal  tendencies  from  the  body  to  the  germ  cells  is 
narily  an  extremely  slow  process. 

Irchow  ♦  says  every  variation  in  nice  character  is  to  be  traced  back 
le  pathological  condition  of  the  originator.  All  that  is  pathologi- 
s  not  diseased,  and  inheritance  of  a  variation  is  not  from  the  intiu- 
5  ui>on  one  individual  necessarily,  but  upon  a  row  of  individuals. 
1  is  in  the  normal  condition  of  things.  In  the  abnormal  condition 
rate  of  transmissioji  may  be  accelerated. 

oes  this  transmission  depend  upon  an  interchange  of  material  par- 
s,  or  upon  an  interchange  of  forces,  or  both? 
lere  are  three  phenomena  about  which  there  is  much  skepticism,  to 
the  least,  which  bear  upon  the  question  of  a  possible  interchange 
rces  between  the  body  and  the  germ-cells.  These  are  the  inherit- 
I  of  mutilations,  the  influence  of  previous  fertilization,  and  the  in- 
ice  of  maternal  impressions.  They  are  {ill  in  the  quasi-scientific 
n,  which  embraces  such  mental  i^lienomeiiaas  telepathy.  That  is, 
ncliue  to  deny  them  simply  because  we  can  not  explain  them. 

utilations. — Since  the  publication  of  Weismann's  essays  the  sub- 
of  inherited  mutilations  has  attracted  renewed  interest.  I  would 
call  attention  to  the  fact  that  this  matter  has  only  an  indirect  bear- 
for  a  mutilation  is  something  impressed  upon  the  organism  from 
out;  it  is  not  truly  "  acquired;''  the  loss  of  a  part  by  accident  pro 
58  a  sudden  but  a  less  profound  internal  niodilieation  of  the  organism 
I  the  loss  of  a  i)art  by  degeneration.  Most  of  the  results  are  nega- 
;  many  of  the  so-called  "certain"  cases  prove  upon  investigation 
3  mere  coincidences.  Weismann  t  himself  experimented  ui»on  white 
s  and  showed  that  1K)1  young  were  produced  by  ^s^d  generations  of 
icially  mutilated  parents,  and  yet  there  was  not  a  single  example  of 
[iimentary  tail  or  of  any  other  abnormality  in  this  organ.  The  crises 
eft  ear  lobule  have  recently  been  sununed  up.f  Israel  reports  two 
s  of  clefts  in  which  the  parent's  ears  were  normal.    Schiindt  and 

•  'MToberden  TranHfonuiHinuB,"  Arvhivf.  AnlhropologU'j  18S8,  ]».  1. 

f  Biological  Memoirs,  p.  432. 

t  Journal  of  Anntomy  and  Phi/Hiology,  181*1,  i».  4153. 
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Oriisteiu  report  afiirmative  cases.  His  shows  that  an  afiinuative  ciu^e, 
cited  by  V.  Zwieciki,  is  merely  an  inherited  peculiarity.  The  entire 
evidence  is  ausatisfactory,  and  upon  the  whole,  is  decidedly  negative. 
Not  so  however  in  cases  where  the  mutilation  results  in  a  general 
disturbance  of  the  normal  functions  of  different  organs,  as  in  the  ex 
periments  conducted  by  Brown-S^quard*  upon  guinea-pigs,  in  which 
we  see  *' acquired  variation"  intensified.  In  these,  abnormal  degener 
ation  of  the  toes,  muscular  atrophy  of  the  thigh,  epilepsy,  exophtlial- 
mia,  etc.,  appeared  in  the  descendants  of  animals  in  which  the  spinal 
cord  or  sciatic  nerve  had  been  severed,  or  portions  of  the  brain  removed 
It  was  also  shown  that  the  female  is  more  apt  to  transmit  morbid  states 
than  the  male;  that  the  inheritance  of  these  injuries  may  pass  over 
one  generation  and  re-appear  in  the  second;  that  the  transmission  by 
heredity  of  these  pathological  results  may  continue  for  five  or  six  gen- 
erations, when  the  normal  structure  of  the  organs  re-appears.  These 
cases,  which  are  incontestable,  at  first  sight  appear  to  establish  firmly 
the  transmission  of  acquired  characters;  they  were  so  regarded  by 
Brown-S^quard.  These  lesions  act  directly  upon  the  organs,  and  the 
abnormal  growth  of  these  organs  appears  to  be  transmitted.  But  can 
they  not  be  interpreted  in  another  way,  namely,  that  the  pathological 
condition  of  the  nerve  centers  has  induced  a  direct  disturbance  in  tbose 
portions  of  the  germ  cells  which  represent  and  will  develop  into  the 
corresponding  organs  of  the  ftiture  offspring! 

Previous  fertilization. — Consider  next  the  influence  exerted  ajwD 
the  female  germ  cell  by  the  mere  proximity  of  the  male  germ  cell,  as 
exhibited  in  the  transmission  of  the  characteristics  of  one  sire  to  the 
offspring  of  a  succeeding  sire,  observed  in  animals,  including  the 
human  species,  also  in  plants.  The  best  example  is  the  oft-quoted 
case  of  Lord  Morton's  mare,  which  reproduced  in  the  foal  of  a  pun^ 
Arab  sire  the  zebra  markings  of  a  previous  quagga  sire. 

Some  physiologists  t  have  attempted  to  account  for  these  remark 
able  indirect  results  from  the  previous  fertilization  or  impregnatiou, 
by  the  imagination  of  the  mother  having  been  strongly  affected,  or 
troni  interchange  between  the  freely  inter-communicating  circulatiou 
of  the  embryo  and  mother,  but  the  analogy  from  the  action  in  plants 
(in  which  there  is  no  gestation  but  early  detachment  and  development 
of  the  fertilized  cells)  strongly  supports  the  belief  that  the  proximity 
of  male  germ  cells  acts  directly  upon  the  female  cells  in  the  ovary- 
All  that  we  can  deduce  from  these  facts  is  that  in  some  manner  the 
normal  characteristics  and  tendencies  of  the  ova  are  modified  by  the 
foreign  male  germ  cells  without  either  contaet  or  fertilization. 

Maternal  impression. — The  influence  of  nuiternal  impressions  iu  the 


*  CompU9'liendH8,  March  13,  1882.  These  experinienta  have  been  coufinued  by 
Obersteiner. 

t  »See  the  cases  cited  by  Ribut,  aud  Darwin:  Animah  and  VlanU  Under  JJomeiticA- 
Hon,  vol.  If  p.  437. 
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causation  of  defiuit^  auomalies  in  the  fcptus  is  largely  a  matter  of  in- 
lividual  opiniou . 

It  is  denied  by  some  high  authorities,  led  by  Bergman  and  Leack- 
tiart.*  Most  j)ra€titioners,  however,  believe  in  it,  and  I  need  hardly 
uld  that  it  is  a  universal,  popular  belief,  t  supported  by  numerous 
jases.  I  myself  am  a  lirm  believer  in  it.  The  bearing  which  the  sub- 
ect  has  upon  this  discussion  is  this:  If  a  deviation  in  the  develop- 
nent  of  a  child  is  produced  by  maternal  impression,  we  have  a  proof 
:hat  a  deviation  from  normal  hereditary  tendencies  can  be  produced 
^thoiit  either  direct  vascular  or  nervous  continuity. 

We  see  an  analogy  between  the  experiments  of  Brown-S^quard,  the 
nfluence  of  the  previous  sire,  and  the  maternal  influence.  Neither,  in 
ny  opinion,  directly  supports  the  theory  of  .transmission  of  acquired 
jlwracters,  for  they  do  not  prove  that  normal  changes  in  the  body  cells 
lirectly  react  upon  the  germ  cdls;  they  all  show  that  the  typical 
iereditary  development  of  single  organs  may  be  diverted  by  living 
brccs  which  have  no  direct  connection  with  them  according  to  our 
present  knowledge. 

Wbat  the  nature  of  these  forces  is  I  will  not  undertake  to  say,  but 
i  believe  we  must  admit  the  existence  of  some  unknown  force,  or  rather 
)f  some  unknown  relations  between  the  body  cells  and  germ  cells. 

A  year  ago,  rex^ognizing  fully  the  dilficulty  of  advancing  any  theory 
)fheredity  which  would  explain  the  transmission  of  acquired  characters, 
^  came  to  the  following  result :  ''It  follows  as  an  unpre  j  udiced  conclusion 
iom  our  present  evidence  that  upon  Weismann's  principle  we  can 
'xplain  inheritance  but  not  evolution,  while  with  Lamarck's  principle 
uul  Darwin's  selection  principle  we  can  explain  evolution,  but  not,  at 
^resent,  inheritance.  Disprove  Lamarck's  principle  and  we  must  assume 
hat  there  is  some  third  factor  in  evolution  of  which  we  are  now 
giwrant." 

In  this  connection  it  is  interesting  to  quote  again  from  my  colleague, 
W.  B.  B.  Wilson.  He  writes  that  the  tendency  in  Germany  at 
>i^sent  is  to  turn  from  speculation  to  empiricism,  and  this  is  due 
^Jtrtly  *'  to  the  feeling  that  the  recent  wonderful  advances  in  our 
knowledge  of  cell  phenomena  have  enormously  increased  the  difficulties 
'fa  purely  mechauieo-physical  exijlanation  of  vital  phenomena.  In 
'*ct,  it  seems  that  the  tendency  is  to  turn  bacik  in  the  direction  of  the 
ital-force  conception,  -  -  -  As  Boveri  said  to  me  recently,  "Es 
ibt  zu  viel  vorstand  in  der  Natur  um  eine  rein  mecjhanische  Erklarung 
^T  Sache  zu  ermoglichen." 

In  the  final  lecture  we  turn  to  the  forces  exhibited  in  the  germ  cells. 


^ffanderworterhu^h  der  PhyHiologiCy  Wagner,  Artikel  ^*  Zeugung,"  Leuckhart. 
tSee  Metlictil  Record,  October  31,  1891,  an  article  by  Joseph  Drzewiecki,  m.  d. 
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LECTURE    III. — HEREDITY    AND    THE  GERM   CELLS. 

Accord iug  to  the  general  law*  the  germ  cell  was  considered  as 
matter  potentially  alive  and  having  within  itself  the  tendency  to  as 
same  a  definite  living  form  in  course  of  individual  development.  The 
nucleus  must  be  extraordinarily  complex,  for  it  contains  within  itself 
not  only  the  tendencies  of  the  present  type,  but  of  past  types  far 
distant.  The  supposition  of  a  vast  number  of  germs  of  structure  is 
required  by  the  phenomena  of  heredity;  Niigeli  has  demonstrated  that 
even  in  so  minute  a  space  as  one  one-thousandth  cubic  millimeter, 
400,000,000  micellae  must  be  present. 

The  study  of  heredity  will  ultimately  center  around  the  structure  and 
functions  of  the  germ  cells.  The  precise  researches  of  Galton  show 
that  the  external  facts  of  heredity,  questions  of  average  and  of  proba- 
bilities, of  paternal  and  maternal  contributions  to  the  offsi)rings,  ar& 
capable  of  being  reduced  to  an  exact  science  in  which  mathematical 
calculations  will  enable  us  to  forecast  the  characteristics  of  the  coming 
generation. 

There  will  still  remain  however  a  large  residuum  of  facts  which  will 
preseiit  themselves  to  a  mathematician  likedalton,  as  fortuitous,  orin- 
exa<;t,  such  as  the  physiological  conditions  of  reversion;  the  course  of" 
prepotency,  by  which  the  maternal  or  the  paternal  characteristics  pre- 
vail in  parts  or  in  the  entire  structure  of  the  offspring;  the  material 
basis  of  latent  heritage  upon  which  reversion  depends,  and  which  com- 
pels us  to  hyi^othecate  either  an  unUsed  hereditary  substance  or  a  returii 
to  an  older  disposition  of  the  forces  in  this  substance;  the  nature  and 
determination  of  sex.    These  apparently  chance  x)henomena  must  also 
be  due  to  certain  fixed  laws,  and  by  far  the  most  promising  routes  to 
discovery  have  already  been  taken  by  Van  Beneden,  the  Hertwig" 
bix)thers,  Boveri,  Maui)as,  and  others. 

They  have  attacked  the  problem  of  the  relation  of  the  germ  cells  to 
the  heredity  on  every  side,  and  by  the  most  ingenious  and  novel  meth- 
ods, which  are  familiar  enough  in  various  branches  of  gross  anatomicjil 
and  physiological  research,  but  seem  almost  out  of  the  limits  of  applica- 
tion to  minute  microscopic  objects.    For  example,  the  Hertwig  brothers 
have  ascertained  the  influence  of  various  solutions  of  morphine  and 
other  drugs  of  the  alcohols,  and  of  the  various  degrees  of  temperature 
upon  the  ovum  and  spermatozoim  during  the  conjugation  period,  witU 
results  which  are  highly  suggestive  of  the  causes  of  congeuital  mal- 
formations,  anomalies,  and  double  births.    The  Hertwigs  and  Boven 
have  succeeded  in  robbing  ova  of  their  nuclei  and  watching  the  results 
of  the  subsequent  entrance  of  spermatozoa.    In  order  to  further  t^st 
the  relations  of  the  nucleus  to  the  remainder  of  the  cell,  Verworn  has 
experimented  along  the  same  line  with  extirpations  of  every  kindfro»' 
the  single  cells  of  Infusoria.    Of  equal  novelty  are  the  recent  studies^ 


*See  Uuxley,  Ai'ticle  '^Evolutiou/'  Enc,  Britannioaf  vul.  vui,  p.  746. 
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|)as  upon  tlie  multiplicatiou  and  conjugation  of  the  Infiisoria,  giv- 
is  a  boat  of  new  ideas  as  to  the  cycle  of  life,  the  meaning  of  aex, 
:he  origin  of  the  sexaal  relation. 

all  this  research  and  in  the  future  outlook  there  ani  two  luaiu 
tions : 

What  ia  the  hereditary  snbstaucet  What  is  the  material  basis  of 
lity,  which  spreads  from  the  fertilizetl  ovuuis  to  every  cell  in  the 
,  conveying  its  ancestral  charaet«risticB  F  Is  there  any  substiiuce 
sponding  to  the  hypothetical  idioplasm  of  Niigeli  J 
What  are  its  regulating  and  distributing  forces  I  How  is  the  he- 
ary  substance  divided  and  distributed!  How  far  is  it  active  or 
ive! 

Qay  say  at  the  outset  that  the  idioplasm  of  Niigeli,  a  purely  ideal 
ent  of  protoplasm  which  he  conceived  of  as  permeating  all  the  tis- 
of  the  body  as  the  vehicle  of  heredity,  has  been  apparently  mate- 
;ed  in  the  chromatin  or  highly  coloring  materials  in  the  cent«r  of 
lucleus.  This  rests  upon  the  demonstration  by  Van  Beneden  and 
K  that  chromatin  is  found  not  only  in  all  active  cells,  but  is  a  con- 
10U8  elemeut  in  both  the  ovum  and  spermatozoon  during  all  the 
lomena  attending  conjugation. 


Pntker  after 
roiniitlii  roda 
IM^  F.  spllltiDK  of  tlic  looja    G  H  retractlmi  of  Ibii  chroniallii  inin  lhi>  tvn  dsilKbler  cello. 

conilly,  that  while  the  chromatin  is  apparently  pa^slve,  it  is  played 
1  by  forces  resident  m  the  clear  surrounding  piotoplasm  of  the 
M,  but  chiefly  by  th*,  e\tri  nuclear  archoplaam,  nhich  seems  to 
Jtato  the  dynamic  and  meihanieal  ftutor  in  e<ich  cell  This,  uii- 
Ae  chromatin,  only  comes  into  view  when  there  is  unusual  at^tiv- 
« during  cell-division,  dud  is  not  evident  (mtb  oui  present  histo- 
sl  technique,  at  least)  when  the  cell  is  arrested  by  reagents  in 
if  the  ordinary  st  iges  of  metabolism 

e  dittriliutwii  of  hereditary  nultntainr. — I  may  first  review  some 
i;  well-known  phenomena  attending  the  distribution  of  the  chro- 
1  substance  to  the  tissues. 
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I  have  borrowed  from  Pai'ker,  Ugiires  by  Carnoy,  to  illustrate  tber 
iiiK  ami  a«;tivc  stafjes  of  tlie  <'ell,  and  tiom  Watase,  a .lapauese  stnd 
of  Clark  T'liiversity,  tigiues  representing  the  higli  diftercntiatim 
the  cell  ninteiits  during  division  (Figs.  8, 0).  They  bring  out  tbe  a« 
and  i>ii8sive  elc-nicnts  of  tUc  typical  cell. 
The  [dienouiena  of  karyukiuesis  which  attend  the  division  and 
b       n  of     e  hered  ta  y  s  b  e  throng  o  t    1     whole  conn 

emb  u  u     dove  o[  n      t     e  n  ell    1      trate  1    u     amov 

ue8lj,)lrtw  u  eace  t  pe    >d    n  wh   b    he 


matin  luebents  the  <ippt>arnn<«  of  a  uiiled,  tangled  thread,  Kurro 
iiig  this  is  the  denr  niieleo-phisin  (or  ai-hromatin)  bounded  by  thi 
clear  ineinbrane;  the  o\tra-uucleiir  substance,  or  cyto-plasm,  is  i^ 
ently  uudifi'i'rentinted.  As  soon  us  cell  division  sets  in,  howevei 
dinting  Hncs  -ire  seen  in  the  cytoplasm  above  and  below  tlie  mid 
these  iue  culled  the  iircho-]iIaKmi('  filaments  hv  Boveri,  eiuQe  they 
cced  from  what  is  now  believed  to  be  the  dyniiinic  element,  the  ai 
plasm  (Fig.  8).  As  the  activity  becomes  more  intense  thefilumeiib 
Ro^-n  to  diverge  from  a  center — the  arch  o- plus  in  ic  ctntrom'tiic — whic-1 
Just  without  the  nnch'us  at  cither  p()k';  this  radial  displny  of 
forces  suggested  the  term  "ast^Ts"  to  Fol,  and  "spheres  attnw  Hv» 
Van  Itcneden.    The  behavior  of  the  chnmiatin.  or  hereditary  subsU 
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ander  tliese  archo-plaamic  forces,  is  beautifully  shown  in  ( 'aruoy's  dia- 
^ams  (Fig.  7).  First,  the  nuclear  wall  breaks  up,  then  the  chromatin 
m\  unfolds  into  lines  of  vertical  striation  which  become  thread-like, 
hence  the  term  mitosis,  and  then  more  compact,  until  finally  a  number 
of  distinct  vertical  rods,  chromatin  rods,  or  chroma^omes  are  found. 

A  remarkable  and  significant  fact  may  be  noted  here,  that  the  num- 
ber of  chromasomes  varies  in  the  cells  of  different  species,  and  even 
in  the  cells  of  different  varieties  (as  in  the  thread-wonn  of  the  horse — 
Aicam  megalocephala)^  but  is  constant  in  all  the  cells  of  the  same  va- 
riety through  all  stages;  thus  the  same  number  of  chromasomes  ap- 
pear in  the  first  segmentiition  of  the  fertilized  ovum  as  in  the  subse- 
qnent  cell  division  in  the  tissues. 

Camoy  next  indicates  the  vertical  splitting  of  each  rod  into  a  loop 
or  link  preceding  the  horizontal  splitting;  thus  we  may  conceive  of  a 
thorough  redistribution  of  the  chromatin  before  it  passes  into  the 
daughter-cells.  The  split  loops  are  each  retracted  toward  a  centro- 
8ome,  suggesting  to  some  authors  a  contractile  power  in  the  archo-plas- 
mic  filaments,  each  chroma^some  being  apparently  withdrawn  by  a 
single  filament.  But  as  the  chromasomes  separate,  the  filaments  also 
appear  between  them,  and  ai*e  variously  termed  ''interzonal,''  "verbin- 
dungs  fiiden,"  •'filaments  reunissant;"  there  is  therefore  some  differ- 
ence of  opinion  as  to  what  the  mechanics  of  the  chromasome  divisions 
really  are.  The  chromatin  is  now  retracted  into  two  coiled  threads, 
each  the  center  of  the  daughter  nucleus  with  a  single  centrosome  be- 
side it.  But  as  the  line  of  cleavage  is  drawn  between  the  two  cells 
(Fig.  9),  the  singhi  centrosome  in  each  cell  divides  so  that  each 
daughter-cell  is  now  complete  with  its  chromatin  coil  and  two  archo- 
plasmic  eentrosomes.  This  process  has  been  beautifully  described  by 
Watase.* 

It  thus  api>ears  that  both  the  chromatin  and  archo-plasm  are  perma- 
iient elements  of  the  cell,  such  as  we  formerly  considered  the  nucleus; 
the  apparently  passive  chromatin  is  divided  with  gieatin-ecisionby  the 
active  archo-plasm,  then  the  archo-plasm  simply  sj^lits  in  two  to  resume 
the  cleavage  function. 

^'^rtUization — the  wnioii  of  hereditary  Hubatanees, — Before  looking  at 
the  host  of  questions  which  fertilization  suggests,  let  us  review  a  few 
^^  the  well-known  phenomena  preparatory  to  the  union  of  the  germ 
^'^k  iu  order  to  give  greater  emphasis  to  the  imiK)rtance  of  recent  dis- 
<"overies. 

First,  the  ovum  is  a  single  cell,  the  typical  structure  of  which,  with 
^»*  nucleus  and  cytoplasm,  is  g(»nerally  obscured  by  a  (juantity  of  food- 
'^^terial,  surrounded  by  a  rather  dense  cell  wall.  The  ovum  is  said  to 
^  ripened  or  "matured"  for  the  reception  of  the  spermatozoon,  by  the 
Extrusion  of  two  small  "polar  bodies,"  containing  both  chromatin  and 

*S«e  Marine  Biologioal  Laboratory  Lectures,  1889.    Boston:  Ginn  dt  Co. 
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hyaline  protoplasm,  and  Beparating  off  by  karyokinetic  division.  Ate 
maturation  is  complete,  a  single  spermatozoon  normally  penetrates; 
then  a  reaction  immediately  sets  in  in  the  cell  wall  of  the  ovxmi  wliicb 
prevents  other  spermatozoa  from  entering.  The  head  of  the  spermato- 
zoon and  the  nucleus  of  the  ovum  now  fuse  together  to  form  a  single 
nucleus,  which  it  is  obvious  contains  the  hereditary  substance  of  tvo 
individuals.  This  is  the  starting  point  of  the  segmentation  or  distri- 
bution process  above  described,  audit  follows  that  the  fertilized  ovum 
at  this  stage  must  contiiin  its  typical  complement  of  chromatin,  archo- 
plasm,  etc.,  for  the  whole  course  of  growth  to  the  adult. 

How  shall  we  connect  these  phenomena  of  fertilization  with  tlie 
facts  of  heredity?  The  most  suggestive  enigma  in  connection  with 
the  fertilization  process  has  been  the  meaning  of  the  tico  polar  bodies^ 
especially  since  Van  lieneden  demonstrated  that  they  contained  chro- 
matin! For  twenty-five  years,  speculation  has  been  rife  as  to  why  the 
ovum  should  extrude  a  portion  of  its  substance  in  two  small  cells;  why 
not  in  one  cell!  why  not  in  a  larger  number?  Thanks  to  the  intense 
curiosity  whi(;h  these  polar  bodies  have  aroused,  and  to  the  great  va- 
riety of  explanations  which  have  been  oifered  for  them,  we  have  ar- 
rived to-day  at  a  solution  which  links  the  higher  animals  with  the 
lower,  breaks  down  the  supposed  barrier  between  the  sexes,  and  ac- 
cords with  the  main  external  facts  of  heredity. 

It  seems  to  me  best  to  disregard  the  order  of  discovery,  and  to  state 
the  facts  in  the  most  direct  way.  First,  a  few  words  as  to  the  s|)ecu- 
latioiis  upon  the  meaning  of  the  i)olar  bodies. 

The  early  views  of  fertilization*  were  naturally  based  ui>on  tlie  ap- 
parent significance  of  this  process  in  the  human  species,  in  which  the 
sexes  are  sharply  distinguished  from  each  other  in  their  entire  struc- 
ture, and  the  reproductive  cells  are  also  widely  diflferentiated  in  form, 
the  ovum  large  and  passive,  the  spermatozoon  small  and  active.  The 
readiest  induction  was  to  regard  these  elements  a«  representing  dis- 
tinct physiological  principles,  con*esponding  to  the  essential  scxoal 
characteristics — ^in  short,  as  male  and  female  cells,  the  former  vitalizincT 
and  rejuvenating  the  lattei.  Thus  one  of  the  earliest  definite  "polar- 
body"  theories  was  that  the  ovum  was  hermaphrodite,  containing  both 
male  and  female  principles,  and  that  it  was  necessary  to  get  rid  of  ili^ 
male  substance  before  the  spermatozoon  could  enter. 

As  Von  Siebold  and  Leuckart  had  demonstrated  that  some  ova  re- 
produce parthenogeuetically,  that  is  without  fertilization  by  spermato- 
zoa, Weismann  turned  to  such  forms  for  the  solution  of  this  problen»» 
and  w'as  surprised  to  find  tliat  partheuogetic  ova  only  extrude  owe 
polar  body.  This  led  him  to  attach  one  meaning  to  the  first  polar  body* 
and  another  meaning  to  the  second,  which  he  viewed  as  designed  to 
reduce  the  heredity  substance  in  the  ovum  without  regard  to  se^'- 
Thus  both  this  and  the  older  theory  conveyed  alike  the  idea  of  redfi^ 

*8ae  also  the  iutrodnctiou  of  Weismann's  last  essay,  "Amphimixis." 
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ion,  but  with  an  eutirely  diflfereiit  supposition  as  to  the  nature  of  the 
laterial  reduced  or  eliminated. 

Maupas  on  Conjugation  among  the  Infusoria.* — Among  the  newer 
esearches  which  tlirow  light  upon  this  old  problem,  those  of  Maupas 
je  certainly  the  most  brilliant.  After  a  most  exact  and  arduous  re- 
«arch,  extending  over  several  years,  he  collected  his  results  in  two 
nemoirs,  published  in  1889  and  1890. 

His  experiments  were  first  directed  upon  the  laws  of  direct  multi- 
)li(:ation  by  fission,  which  revealed  a  complete  cycle  of  life  in  the  single- 
jelled  Infusoria  and  showed  tliat  after  a  long  period  this  mode  of 
•eproduction  becomes  less  vigorous,  then  declines,  and  finally  ceases 
altogether  unless  the  stock  is  rejuvenate  by  conjugation  of  individ- 
lals  from  diflerent  broods.  In  other  words,  these  broods  of  minute 
)rgani8ms  grow  old  and  die  unless  they  are  enabled  to  fertilize  each 
}ther  by  an  exchange  of  hereditary  substance  altogether  analagous  to 
that  observed  in  the  higher  multicellular  organisms. 

The  cultures  were  made  in  a  drop  of  water  upon  a  slide,  and  feeding 
was  adapted  either  to  the  herbivorous  or  carnivorous  habits  of  the 
species.  Under  these  conditions  it  was  found  that  the  rate  of  fission 
3r  direct  multiplication  varied  direetly  with  the  temperature  and  food, 
rising  in  some  species  {Glaiwoma  scintiUans)  to  five  bipartitions  daily. 
With  the  optimum  of  conditions  this  rate,  if  sustained  for  thirty-eight 
days,  would  produce  from  a  single  individual  a  mass  of  protoplasm 
equivalent  to  the  volume  of  the  sun.  This  rate  is  however  found  to 
be  steady  for  a  time,  and  then  the  oft'spring  decline  into  "senescence," 
in  which  they  appear  at  times  only  one  fourth  the  original  size,  with 
reduced  buccal  wreaths  and  degenerate  nuclear  apparatus.  This  is 
reached  sooner  in  some  species  than  in  others;  Stylonichia pustulata 
survives  three  hundred  and  sixteen  generations  or  fissions,  while  Leu- 
^hryspatula  persists  to  six  hundred  and  sixty  generations.  Finally, 
^ven  under  the  most  favorable  conditions  of  environment,  death  ensues. 

^ot  so  where  conjugation  is  brought  about  by  mingling  the  ofi'spring 
^^  different  broods  in  the  same  fluid,  as  in  the  natural  state.  Maupas 
^n  discovered  that  exhaustion  of  food  would  induce  conjunction  be- 
'^een  members  of  mixed  broods.  He  thus  could  watch  every  feature 
J^  the  conjugation  process,  aud  determine  all  the  phases  in'the  cycle  of 
'fe.  These  differed,  as  in  the  longevity  of  the  species.  In  Stylonichia^ 
^^  example,  "immaturity"  extended  over  the  first  one  hundred  bipar- 
'^ions:  "puberty,^'  or  the  earliest  phase  favorable  to  conjugation,  set 
^  viththeone  hundred  and  thirtieth  bipartition;  "eugamy,"  or  the 
^ost  favorable  conjugation  phase,  extended  to  the  one  hundred  and 
-Ventieth ;  then  "  senescence"  set  in,  characterized  by  a  sexual  hyper- 
esthesia in  which  conjugation  was  void  of  result  or  rejuvenesence, 
^ing  apparently  to  the  destruction  of  the  essential  nuclear  apparatus. 

*Snr  Ja  multiplication  des  liifiisoircs  Cili<^y,  Avcliir.  dc  Zoolofjic  expei-imentalay  Ser. 
Vol.  VI.,  pp.  165-273;  Le  Rajcnnissement  JKaryoffamiqne  vhta  hs  Cilies,  vol.  VII,  pp. 
^17.     See  also  Hartog,  Quart.  Jovr.  Microscop.  «Scic»icc,  Decembei,  1^1. 
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Conjugation  begins  with  tbe  approach  of  two  individaals,  and  adhe- 
sion by  their  oral  surfaces.  There  is  no  fusion,  but  an  immediate  trans- 
formation in  the  cell  contents  of  each  individual  sets  in,  conchidiug 
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with  an  interchange  of  nuclear  substance.  In  each  cell  Maupas  dis- 
tinguishes between  the  (M)  mtganuchm  (Fig.  10,  the  macronucleus, 
nucleus,  endoplast  of  authors),  which  presides  over  nutrition  9m 
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x>wth  and  divides  by  constriction,  and  the  ( w)  micronucleus  (paranu- 
ens,  nucleolus,  of  authors),  which  presides  over  the  preservation  of 
le  species.  The  latter  contains  chromatin;  it  is  the  seat  of  rejuve- 
jscence,  the  basis  of  heredity,  it  divides  by  mitosis,  showing  all  the 
pical  stages  of  karyokinesis  excepting  the  loss  of  the  cell  membrane. 
The  transformation  in  each  of  thejse  copulating  cells  first  affects  the 
mters  of  hereditary  substance,  viz,  the  micro-nuclei ;  they  divide  three 
mes;  thus  the  micronudear  substance  is  reduced  to  one-fourth  of  its 
iginal  bulk.  It  is  contained  in  two  surviving  micronuclei  (the  others 
sing  absorbed  or  eliminated),  one  of  which  migrates  into  the  adjoin- 
ig  cell;  the  other  remains  stationary.  This  migration  is  followed  by  a 
ision  of  the  migrant  and  stationary  micronuclei ;  this  fusion  effects  a 
)mplete  interchange  of  hereditary  substance,  after  which  the  two  in- 
isoria  separate  and  enter  upon  a  new  life  cycle.  Meanwhile  the  me- 
inucleus  breaks  uji  and  is  reconstituted  in  each  fertilized  cell. 
Maupas  gathers  from  these  interesting  phenomena  additional  i)roof 
lat  the  chromatin  of  all  cells  bears  the  inherited  characteristics  and 
at  the  cytoplasm  and  nucleoplasm,  or  achromatin,  is  the  dynamic 
feut,  because  the  micronuclei  bearing  the  chromatin  are  the  only  struct- 
es  which  are  permanent  and  persistent,  all  the  other  structures — 
cleo-plasm,  archo-plasm,  etc. — being  replaced  and  renewed.  The  re- 
ction  of  the  chromatin  is  purely  quantitative,  the  eliminated  and  fer- 
izing  micronuclei  being  exactly  equivalent;  after  the  chromatin  has 
en  quartered  the  cell  becomes  incapable  of  further  activity  until  it  is 
infcrced  by  chromatin  from  the  copulating  cell. 

N'o  distinction  between  the  sexes  in  heredity. — The  three  laws 
lich  underlie  these  phenomena  are:  (1)  That  fertilization  consists  in 
e  union  of  the  hereditary  substance  of  two  individuals.  (2)  That 
fore  the  union  the  hereditary  substance  in  ea<*h  is  greatly  reduced. 
I  That  there  is  no  line  between  male  and  female,  the  conjugating  cells 
e  simply  in  a  similar  physiological  condition  wherein  a  mingling  of 
reditary  characteristics  affords  a  new  lease  of  life.  As  Maupas  says : 
"Les  differences  appelees  sexuelles  portent  sur  des  faits  et  des 
lenom^nes  purement  accessoires  de  la  f^condation.  La  fecondatiou 
nsiste  uniquement  dans  la  reunion  et  la  copulation  de  deux  noyaux 
mblables  et  Equivalents,  mais  provenus  de  deux  cellules  distinctes." 
In  this  conclusion  as  to  the  secondary  and  superficial,  rather  than 
ndamental,  difference  between  the  two  sexes,  Manilas  simply  con- 
•ms  the  views  of  Strassburger,  the  botanist,  Hensen,  li.  and  O.  Hert- 
ig,  Weismann,  and  others,  namely,  that  sex  has  evolved  from  the 
jcessity  of  cell  conjugation;  that  even  in  the  higher  forms  the  cells 
)m  by  the  two  sexes  are  absolutely  neutral  so  far  as  sex  is  concerned, 
le  wide  difference  of  form  of  the  germ  cells  is  a  result  of  physiological 
vision  of  labor — the  mass  and  yolk  of  the  ovum  having  been  differ- 
itiated  to  support  the  early  stages  of  development  while  the  sperma- 
»zoon  has  dispensed  with  all  these  accessories  and  acquired  an  active 
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vibratile  form  for  its  function  of  reaching  and  penetrating  the  ovnm. 
The  evidence  of  the  Infusoria  is  paralleled  among  some  of  the  plants, 
in  which  conjugation  between  entirely  similar  cells  is  observed. 

The  causes  finally  determining  sex  may  come  surprisingly  late  in 
development,  and  according  to  the  investigations  of  Dusing  and  tlie 
experiments  of  Yung*  and  of  Giron  are  directly  related  to  nutrition. 
High  feeding  favors  an  increase  of  the  percentage  of  females,  while, 
conversely,  low  feeding  increases  the  males.  In  Yung's  experiments 
with  tadpoles  the  following  results  were  obtained : 


M'< 


Normal  percentage 
High  nutrition 


Females. 

Males. 

57 
92 

43 

8 

Geddes  expresses  this  principle  in  physiological  terms  of  metabolism, 
that  anabolic  (constructive)  conditions  produce  females,  while  katabolic 
(destructive)  conditions  produce  males. 

I  think  we  may  now  safely  eliminate  the  factor  of  sex  from  our  cal' 
culations  upon  the  problem  of  heredity,  and  thus  rid  ourselves  of  one 
of  the  oldest  and  most  widespread  fallacies.  We  shall  thus,  iii  using 
the  terms  "paternal''  and  '•  maternal"  imply  merely  the  distinction 
between  two  lines  of  family  descent. 

The  theory  of  reduction. — This  leads  us  back  to  the  significance  of 
the  polar  bodies.    Van  Beneden's  discovery  that  these  bodies  con- 
tained chromatin  led  gradually  to  the  view  that  they  were  not  frag' 
ments  of  the  ova,  but  represented  minute,  morphologically  complete 
cells.    Biitschli  showed  that  they  were  given  off  independently  of,  ai**"^ 
prior  to,  the  contact  ot  the  spermatozoon,  and,  finding  in  the  leech^^ 
that  the  first  polar  body  subdivides  to  form  two  bodies,  ho  considered*- 
them  as  formed  by  true  cell  division,  and  containing  both  nucleopla^^^ 
and  chromatin.    Giard  independently  reached  a  similar  opinion,  ar^' 
signing  an  atavistic  moaning  to  the  polar  cells.    Whitman,  in  187^* 
iulvance<l  the  idea  that  they  represented  vestiges  of  the  primitiV'^ 
mode  of  reproduction  by  fission,  while  Mark  described  them  as  *^ab(>^' 
tive  ova." 

At  this  point  sijeculation  subsided  until  it  was  revived  by  Wei^' 
manii's  attempt  to  connect  these  bodies  with  his  theory  of  heredity"?''' 
already  referred  to.    The  whole  histoiy  is  clearly  given  in  K.  Her*^' 
wig's  masterly  memoir  ui)on  Ovo  and  Spermatogenesis  in  the  Nem3r 
todes.t    Taking  advantage  of  Boveri's  discoveries  in  staining  tecli- 

*.Seo  Geddes  and  Thoinaon:  'I  he  EroJaiion  of  SeXy  1891;  also,  DUsing:  Die  Rego- 
licrniig  des  GeschlechtsverliiiltniHses  bei  d.  Verniebruiig  der  Meuschen,  Here  im^ 
PilaDzen,  Jen.  Zeit.  f.  Natitr.^  Bd.  17,  1884. 

tOii  the  Number  of  Polar  Bodies  ami  their  Sijyiiificauce  in  Heredity,  1887. 

t£i  und  Samenbilduug  bei  Neiuatodeii,  Archir.f.  Mikr,  Anat.y  Bd.  26|  1890. 
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uc,  and  stimulate  I  liy  W  e  ui  s  \  e<ii  t  that  spermatozoa 
nld  also  bo  found  t  e\tr  de  polai  bodes  tl  s  a  thor  exanined  all 
ges  in  the  peculiarly  f  vo  ab  e  gern  oella  of  tl  e  tbread  worm  of  the 
rse  {Aitcaris  metjalocepi  al  ) 

He  made  the  suiins  g  lis  ovei^  that  \a  ai  1  pje  matozo'i  are 
med  iu  a  snbata  t  allj  s  m  lar  n  inner  bv  repented  di  s  ors,  the 
igle  diflFereiice  being  that  tie  last  j  ru  Iu  f  of  <1  t  «  i  inongthe 
erracellsare  effect  \e  eje  matozoa  c  p  ble  of  develoiment  in  fer- 
ization,  while  th  e  last  productfi  of  I  v  s  on    i    the  ovarj  are  first 


*  ICatcbation 


»»iK.)  A.  nrii^inalKiTra 
«iC-D,  First  poUrTmlj 
oond  polar  IhkI.t  •'iirudcH 


trne  ova,  and,  second,  the  abortive  ova  (polar  ceU>i),  incapable  of 
elopment.  Iu  both  ova  and  spenuatozoa  the  nucleus  contains  bnt 
-half  the  chromatin  which  a  fypiciil  nucleus  contains;  in  the  case 
i.mejjahcepkala  each  of  the  germ  ceils  contains  but  two  chroma 
les  while  the  uoi'mal  body  cells  contniii  tour.  The  manner  in  which 
1  maturation  of  the  germ  cells  for  conjugation  is  brought  about  is 
utifully  sliown  in  these  diagrams,  taken  from  Weismann's  essay, 
niphimixis."  You  observe  that  the  number  of  chromasomes  iu  the 
nary  germ  cells  i.s  four  (Figs.  11  and  J2,  J).  Then  are  formed  by 
division  the  ovum  and  sperm  "  mother  cells,"  in  which  the  cliro- 
"in  substance  is  doubled,  so  that  we  observe  eight  clmimasomcs 
i  mother  cells  then  divide  and  the  chromatin  is  reduced  to  iour 
B,  a  second  division  rai>itlly  follows  whereby  tlie  cbi'oraatia  is  reduced 
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to  two  rods,  01'  Iiull'  tUu  origiuiil  qiiautity.  Tbeisi!  last  divisious  take 
place  l>y  karyokinesis,  but,  as  Tl^rtwig  points  out,  they  difl'er  from 
typical  karyokiuGsis  in  the  fact  that  the  divisions  follow  ai»  raiiiiUy 
upon  each  other  that  the  vesicular  i-estiitg  period  of  the  nucleus  ui 
omitted.  Thus,  be  suggests,  is  prevented  an  overac'cuniulatiou  of 
chroniatiQ  suhstauce  prior  to  the  fusion  of  the  ovjim  and  spenn. 


It  is  evident  that  the  polar  fells  are  rudimentary  ova,  which  do  no* 
l>ossesn  the  yolk  mass,  etc.,  essential  to  development,  and  aie  divide*^ 
off  at  a  very  late  stayo,  sometiincB  after  the  egg  liaa  left  the  ovary' ■• 
but  are  in  other  resiaspts  analogous  to  tlio  spermatozoa.  The  i«as««  • 
these  itolar-cells  have  not  disappeared  altogether  in  either  plants  (►  *^ 
animals  is  that  they  originally  possessed  a  deep  physiological  iini«« 
tance.  As  the  first  polar  cell  subdivides  and  forms  two,  it  followslta* 
fh>m  both  ovnm  and  sperm  mother  cells  four  daughter  cells  are  fomiet*  9 
each  containing  half  the  ehi-omatin  substance  of  a  normal  nucleus.  I*' 
the  ovary  three  of  these  daughter  cells  al>oi-t  and  the  fourth  forms  *■ 
true  ovum;  hi  the  sperm  gland,  however,  ail  four  daughter  cells  forr*' 
spermatozoa. 

We  may  thus  consider  the  polar-cell  jirobieni  as  in  all  pi'obahility  sc*'' 
tied;  the  whole  process  is  probably  an  inheritance  or  survival  of  ** 
primitive  condition  in  which  all  four  ova,  like  the  fonr  spermatoz**'*' 
were  fully  functional. 

The  relation  between  the  chromatin  and  lioredity. — We  havej^** 
seen  that  the  last  stages  in  the  preparation  of  the  ova  and  sperma**' 
zoa  for  conjugation  result  in  halving  the  number  of  rods  in  theorigii*^ 
eenn  cells.    Now,  as  Hertwig  and  Weismanu  point  out,  one  point    *^ 
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left  in  doubt.  Why  is  the  chroiuatiu  substance  doubled  in  the 
her-cells  so  that  two  successive  sub-divisions  are  necessary  to  reduce 
)  half  the  original  quantity!  Hertwig  has  not  attempted  to  answer 
i  question,  as  he  prefers  to  wait  for  further  research.  Weismann, 
rever,  who  is  unfortunately  cut  off  from  research  by  failing  eyesight, 
oflfered  a  speculative  solution  to  this  problem  which  he  trusts  may 
de  future  investigation. 

'his  leads  me  to  say  a  few  words  in  regard  to  his  conception  of  the 
ition  of  the  chromatin  to  heredity.  (1)  His  first  premise  is  that  in  fer- 
sation  there  is  not  a  fusion  of  chromatin ,  but  that  a  certain  independ- 
e  is  preserved  between  the  maternal  and  paternal  elements,  based 
n  the  observed  fact  that  the  two  pairs  of  rods  do  not  fuse  but  lie  side 
side,  and  upon  the  assumption  that  these  pairs  are  kept  distinct  in 
li  cell  through  all  the  subsequent  stages  of  embryonic  and  adult  devel- 
leut.  If  this  is  the  case,  the  hereditary  substance  contributed  by  the 
ler  would  remain  8e[)arate  from  that  contributed  by  the  mother, 
mghout.  (2)  "  Each  of  these  pairs  would  be  made  up  of  the  col- 
ive  predispositions  which  are  indispensable  for  the  building  up  of 
ndividual,  but  ea<'h  possesses  an  individual  character,  for  they  are 
entirely  alike.  I  have  called  such  units  '  ancestral  plasms/  and 
nceive  that  they  are  contained  in  numbers  in  the  chromatin  of  the 
are  germ  cells  of  living  organisms,  also  that  the  older  nuclear  rods 
made  up  of  a  certain  number  of  these.  -  -  -  Obviously  these 
scan  not  become  infinitely  minute;  however  small  they  may  be 
''  must  always  retain  a  certain  size.  This  follows  from  the  extremely 
plicated  structure  which  we  must  without  any  doubt  ascribe  to 
D."  These  units  are  not,  however,  ultimate,  they  are  in  turn  ex- 
lely  complex,  and  are  composed  of  countless  biological  units  of  the 
I  conceived  of  by  Nageli  and  others.  (3)  The  reduction  of  the  chro- 
in  only  acquires  a  meaning  when  taken  in  connection  with  the 
^e  supiKisition  of  distinct  ancestral  plasms,  and  has  no  meaning 
e  accept  Hertwig's  view  that  there  is  a  complete  fusion  of  ma- 
al  and  paternal  germ  plasm.  This  meaning  is  that  reduction  in 
maturation  of  germ  cells  is  sui  (jenerxH^  it  does  not  divide  the  ances- 
plasms  into  two  similar  groups,  but  one  daughter-cell  receives  one 
)f  germ  plasms  or  hereditary  predispositions,  and  another  daughter 
receives  another;  reduction  is  thus  dift'erential.  According  to  this 
r  the  four  sperm  and  ovum  daughter-cells  would  eaeh  contain  a 
Tent  set  of  ancestral  plasms.  (4)  The  fact  that  the  chromatin  sub- 
ice  is  doubled  in  the  sperm  and  ovum  mother-cells,  so  that  we  ob- 
e  double  the  number  of  rods  characteristic  of  the  species,  is  to  be 
ained  as  an  adaptation  to  the  reciuirements  of  natural  selection, 
his  doubling  and  subse<iuent  double  division  render  possible  an 
lite  number  of  combinations  (as  many,  in  fact,  as  there  .are  individ- 
)  for  selection  to  operate  ui)on. 
lis  explanation  of  Weismann\s  is  an  example  of  his  apotheosis  of 
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the  theory  of  natural  selection.    Every  process  is  made  to  suit  this 
theory,  which,  as  we  have  seen  in  the  first  and  second  lectures,  is,  in 
his  opinion,  the  exclusive  factor  of  evolution.    But  this  very  higli  de- 
gree of  mingling  and  re-mingling  of  ancestral  predispositions  would  be 
fatal  to  evolution,  for  after  a  combination  favorable  to  survival  liad 
been  established  in  one  generation  it  would  be  broken  up  into  a  new 
combination,  perhaps  unfavorable,  to  survival,  in  the  next  generation. 
This  entire  essay  upon  "Amphimixis,'*  or  the  theory  of  mingling  of  re- 
duced hereditary  substance,  will,  I  believe,  mark  a  turning  point  to 
decline  iu  Weismann's  intluence  as  a  biologist.    His  whole  reasoning 
is  now  in  a  circle  around  the  natural  selection  theory. 

The  meaning  of  conjug;ition. — Weismanii  looks  upon  sexual  repro- 
duction as  designed  to  mingle  hereditary  tendencies  and  to  create  in- 
dividual differences  whereby  natural  selection  may  form  new  species. 
It  is  evident  that  these  combinations  must  be  mainly  fortuitous  and 
productive  of  indefinite  variation;  but  we  have  seen  that  evolution 
advances  largely  by  the  accumulation  of  definite  variations,  or  those  in 
which  each  successive  generation  exhibits  the  same  tendencies  to  de- 
part from  the  typical  ancestral  form  in  certain  parts  of  the  body,  and 
that  these  tendencies  stand  out  in  relief  among  the  diffused  kaleido- 
scopic or  fortuitous  anomalies. 

The  fact  moreover  that  variability  and  evolution  by  the  accumula- 
tion of  certain  variations  in  successive  generations  is  also  observed 
in  organizisms  which  reproduce  asextmllyy  both  among  plants  and 
animals,  shows  that  we  must  look  in  another  direction  for  the  imder- 
lying  cause  or  i^urpose  of  sexual  reproduction.  Weismann  rightly  com- 
bats the  old  idea  of  '*  vitalization"  of  the  ovum  by  the  spermatozoon, 
and  it  is  perfectly  evident  from  the  researches  of  Maupas  and  Hertwig 
that  the  ovum  may  as  accurately  be  said  to  vitalize  the  spermatozoon 
as  the  reverse.  Fecundation  is  simply  the  {ipproximation  of  two 
hereditary  substances  of  distinct  origin  and  their  incorporation  into  a 
single  nucleus.  The  action  and  reaction  of  these  substances  may  be 
considered  equal  and  mutual,  so  far  as  we  now  know. 

The  remarkably  ingenious  experiments  of  Hertwig  and  Boveri,  above 
alluded  to,  strengthen  this  idea.  Some  years  ago  Weismann  wrote: 
"If  it  were  possible  to  introduce  the  female  pronucleus  of  an  egg  into 
another  egg  of  the  same  species,  immediately  after  the  transformation 
of  the  nucleus  of  the  latter  into  the  female  pronucleus,  it  is  very  prob- 
able that  the  two  nuclei  would  conjugate  Just  as  if  a  fertilizing  sperm 
nucleus  had  penetrated.  If  this  were  so,  the  direct  proof  that  egg 
nucleus  and  sperm  nucleus  are  identical  would  be  furnished."  Boveri 
succeeded  in  accomplishing  a  similar  feat  by  depriving  an  ovum  of  its 
nucleus  and  subsequently  causing  it  to  develop  by  admitting  a  sperma- 
tozoan  which  fertilized  the  denucleated  ovum  and  produced  a  complete 
individual. 

In  opposing  the  vitalizing  properties  of  the  sperm,  Weismann  how- 
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ever  went  further,  and  advocated  the  view  tliat  there  is  nothing  iu  the 
nature  of  vitalization  or  "  rejuvenescence  "  in  conjugation — that,  given 
proper  euvironnieut,  protoplasm  is  immortal,  and  runs  upon  a  course 
of  undiminished  activity.  This  we  have  seen  is  not  the  case  in  the  in- 
fusoria, and,  as  recently  remarked  by  Hartog,  there  is  only  one  class 
of  organisms  which,  according  to  our  present  knowledge,  are  com- 
pletely agamous  and  immortal — namely,  the  Monadina.  It  may  in 
future  appear  that  even  in  the  monads  there  is  a  cycle  for  the  develop- 
ment in  which  conjugation  plays  its  part, 

Maupas'  experiments  seem  to  establish  the  primitive,  and  therefore 
the  true,  interpretation  of  the  pur^jose  of  conjugation  as  well  as  of  sex, 
the  latter  being  a  consequence  of  the  former,  namely,  that  after  a  long 
;>eriod  of  direct  subdivision  of  hereditary  material  from  a  single  in- 
Uvidual,  a  limit  is  reached  beyond  which  the  forces  of  heredity  are 
lot  reproduced  in  their  original  intensity  unless  combined  with  another 
et  of  similar  forces  of  different  origin.  This  combination  restores 
he  original  intensity.  It  is  objected  to  this  that  two  sets  of  feeble 
)rces  can  not  cx>nstitute  one  vigorous  force,  but  this  is  met  by  the 
bserved  fact  that  such  union  does  start  a  new  life  cycle,  and  is  there- 
)re  rejuvenescent.  We  may  regard  this  as  the  fundamental  meaning 
f  conjugation,  and  the  production  of  variations  as  entirely  secondary. 

The  distribution  of  the  chromatin. — We  have  now  reviewed  some 
r  the  main  phenomena  of  fertilization ;  there  still  remains  the  relation 
'  the  hereditary  substance  to  the  future  development  of  the  individ- 
il.  There  is,  first,  the  astonishing  fact  that,  as  the  chromatin  goes 
1  dividing,  its  mass  or  volume  remains  apparently  undiminished; 
lat  is,  there  is  apparently  as  much  chromatin  in  one  of  the  many 
illion  active  cells  of  the  body  as  in  the  original  fertilized  ovum,  and 
lere  is  still  an  enigma  as  to  the  nature  of  this  chromatin  and  its 
inctions.  Secondly,  there  is  the  problem  of  the  maternal  and  pater- 
il  elements  in  each  cell;  do  they  lie  side  by  side  or  are  they  fused! 
1.  In  plants  DeYries*  and  others  believed  that  all  or  by  far  the 
leater  number  of  cells  in  the  plant  body  contain  the  total  hereditary 
laracters  of  the  species  in  a  latent  condition.  KoUikert  has  fully 
Lscussed  this  question  and  called  attention  to  Mttller's  early  views  that, 
I  spite  of  the  physiological  division  of  labor  producing  the  tissues, 
le  properties  of  all  the  tissues  can  be  derived  from  the  nuclear  sub- 
;ance  of  a  single  tissue,  as  proved  by  experiments  upon  the  lower 
limals.  Weismann,  on  the  other  hand,  has  held  that  the  course  of 
evelopment  is  marked  by  a  constant  qualitative  distribution  of  his 
grm-plasm  or  hereditary  substance,  so  that,  so  far  as  nuclear  content 
concerned,  there  are  three  forms  of  cells:  (1)  with  nucleo-plasm; 
I)  with  nucleoplasm   and  germ-plasm;    (3)    with  germ-plasm  only. 

*  Hugo  do  Varies:  Intracellalarc  PaugenesiH.     Jena^  1889. 

tDie  Bedeutuiig  der  ZeUkerne  fiir  die  Vorgihige  der  Vererbnng,   Zeit.   f.  Wise. 

5ol.,  1885.     And,  Das  Karyux>la8iua  iiud  die  Vererbung,  op.  cit.,  1886. 
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Kolliker  opposes  this  idea  and  maintains  that  the  ^Hdioplasma'' passes 
into  all  cells,  in  wliich  it  divides  in  course  of  development.  Step  by 
step  from  the  embryonic  layers  to  the  tissues,  the  constructive  proc- 
esses are  under  the  direction  of  the  nuclei  containing  this  hereditary 
substance.  It  remains  in  every  nucleus  for  a  long  period  unaltered,  in 
order  to  finally,  here  earlier,  there  later,  impress  its  constructive  forces. 
In  certain  elements,  as  in  blood  corpuscles,  epidermal  scales,  etc.,  it 
disappears,  as  the  last  product  of  division. 

E.  Hertwig  takes  a  similar  view.  Since  embryonic  and  adult  cell 
division  is  differential,  there  must  be  a  form  of  differentiation  in  the 
nucleus;  but  this  does  not  consist  in  the  total  elimination  of  some 
qualities  and  survival  of  others,  nor  of  a  reduction  in  ma«s.  The 
mass  and  tbe  properties  remain  the  same  in  every  cell ;  the  differen 
tiation  consists  in  the  activity  of  certain  elements  in  certain  tissues. 
Thus  we  may  say  with  I)e  Tries  that  different  "pangene"  may  leave 
the  nucleus  and  enter  the  cell  in  different  tissues;  or  with  Nageli,  that 
special  "micella^"  come  into  activity  at  certain  points;  in  other  words, 
the  potential  of  the  nucleus  is  differently  exerted.  Here  again  we 
have  the  idea  of  patent  and  latent  hereditary  elements,  such  as  appear 
in  the  entire  individual  upon  a  larger  scale. 

This  is  one  of  the  most  interesting  i)roblems  for  future  investigation, 
but  the  direction  of  research  will,  I  imagine,  cover  a  larger  area  of 
cell  content  than  the  nucleus,  as  we  are  now  swinging  back  to  regard 
the  extra-nuclear  archoplasm  as  an  important  factor  in  the  i)roce«8. 

In  the  following  i)aragraph  Hertwig  expressed  his  view  of  nuclear 
control  and  cytoplasmic  differentiation : 

"As  I  saw  in  the  transformation  of  the  nucleus  during  fertilization 
proof  that  it  is  the  bearer  of  hereditary  substance,  I  recc^gnized  a  great 
advance  in  the  fact  that  the  nucleus  leaves  in  the  same  form  in  every 
cell,  and  in  its  vesicular  capsule  is  somewhat  removed  from  the  metamor- 
phoses of  the  cells.  As  Nageli  spreads  his  idioplasm  a«  a  net- work 
throughout  the  whole  body,  so,  according  to  my  theory,  every  body- 
cell  contained  in  its  nucleus  its  quota  of  hereditary  substance,  while  its 
specific  histological  peculiarities  were  to  be  regarded  as  its  plasma 
products. " 

2d.  The  next  question  is  the  fate  of  the  maternal  and  paternal  con 
tributions  to  the  embryo.  Here  there  is  a  wide  difference  of  opinion. 
On  the  one  side  Van  Beneden  is  the  leader  of  those  who  regard  each 
cell  of  the  body  as  in  a  sense  hermaphrodite;  as  we  have  seen,  his  views 
of  maturation  and  the  significance  of  the  extension  of  the  polar  bodies 
were  colored  by  this  theory,  for  he  regarded  the  germ  cells  as  hermaph- 
rodite until  one  sex  was  eliminated.  But  now  that  the  researchers 
of  Hertwig  have  given  the  last  blow  to  Van  Beneden's  theory,  and  it 
follows  that  there  can  be  no  male  and  female  chromasomes,  there  still 
remains  room  for  the  analogous  view  that  the  maternal  and  paternal 
chromasomes  remain  distinct  throughout  the  course  of  development, 
not  as  sexual  elements,  but  as  substances  with  the  same  racial  and 
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pecific  but  different  individual  tendencies.  Eabl,  an  eminent  em- 
)ryologist,  shares  this  view,  and  it  is  supported  by  Boveri  upon  the 
)bservation  that  in  each  division  the  i)aternal  and  maternal  elements 
are  kept  distinct,  and  in  Ancarwy  for  example,  two  of  the  chromasomes 
of  each  division  ligure  are  paternal  and  two  are  maternal. 

Iq  favor  of  this  hypothesis  we  may  place  the  following  facts:  Ist, 
that  there  are  an  even  number  of  chromasome  rods  in  all  cells;  2d,  that 
the  number  is  constant  throughout  all  the  subsequent  changes  in  the 
tissues;  3d,  that  the  number  is  fixed  for  each  species  or  variety;  4th, 
that  the  number  is  the  same  in  each  sex. 

Against  this  replacement  hypothesis  we  must  consider  the  extreme 
complexity  of  the  division  process,  and  the  long-resting,  or  thread 
stage,  in  wldch  the  chromatin  lies  in  a  confused  coil.  Further,  Hert- 
wig  argues  that  if  the  elements  are  distinct  we  should  find  some  evidence 
that  the  maternal  or  i)atemal  part  is  atrophied  or  replaced,  or  excluded 
from  the  nu(;lens,  for  both  parts  can  not  share  alike  in  the  control  of 
the  cell.  These  are  Hertwig's  grounds  for  supporting  the  "  verschmel- 
sungstheorie,-'  or  fusion  theory,  also  advocated  by  Waldeyer,  to  the 
effect  that  by  the  complete  union  of  the  maternal  and  paternal  sub- 
stance a  new  product  is  formed;  in  this  fusion  the  law  of  prepotency 
may  come  into  play,  causing  one  or  other  of  the  parental  tendencies  to 
predominate,  or  there  may  be  an  even  re-distribution,  whereby,  as  ex- 
pressed by  Heusen,  ^-the  hereditary  substance  of  the  son  is  not  that 
^^the  father  plus  that  of  the  mother,  but  is  his  own,  with  a  new  heredi- 
^ry  form  resulting  from  the  combination.''  , 

W'hile  suspending  judgment  between  these  two  views  as  to  the  sep- 
'J'ation  or  fusion  of  the  chromatin,  we  may  appeal  to  the  external 
'^©nomena  of  heredity  for  light  upon  the  probabilities  in  the  question 
'^st,  I  refer  to  the  very  decided  opinion  of  Francis  Galton  in  regard  to 
^I'ticulate  inheritance;  he  is  so  impressed  with  the  fact  that  we  are 
*'^<le  up  bit  by  bit  of  separate  structures  derived  from  different  ances- 
^^  that  he  has  even  suggested  that  the  skin  of  the  mulatto  may 
l*i*«sent  not  a  fusion  of  white  and  black,  but  an  ex(*essively  fine 
>H^ic  ill  which  the  colors  are  so  distributed  as  to  give  the  appearance 
l^lending.  We  do  sometimes  observe  i)atches  of  color  as  evidence 
'*^even  distribution.  As  Galton  distinguishes  two  types  of  stinictures 
^li  reference  to  inheritance,  viz,  those  which  blend  and  those  which 
^ot  blend,  we  might  correlate  these  types  with  pre- potency,  replace- 
^*tt,  and  fusion.  Where  characteristics  do  not  blend,  as  in  eye-color, 
*^  evident  that,  while  the  offspring  must  receive  from  both  parents 
^  material  basis  for  the  formation  of  the  complete  color  of  the  eye, 
^tier  the  maternal  or  paternal  material  must  be  prepotent  and  ex- 
^<Je  the  development  of  the  other;  the  logical  inference  is  that  the 
>^iner  activity  replaces  the  latter ;  but  it  is  not  necessary  that  exclusion 
^^m  the  cell  chromatin  should  follow.  Ii^ow,  while  some  blends  seem 
to  support  the  theory  of  fusion,  the  sum  total  of  facts  of  heredity  are 
H.  Mis.  114 ^24 
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strongly  against  this  as  a  universal  principle,  tor  many  matenial  and 
paternal  structures  are  x^reserved  in  their  absolute  integrity  for  gener- 
ations without  the  least  indication  of  mixture. 

Cell  forces  and  heredity. — ^We  have  thus  far  been  considering  only 
the  chromatin  as  the  heredity  substance  par  excellence,  and  have  dis- 
regarded for  the  time  the  archo-plasm  or  dynamic  material  of  the  eelL 

If  we  advance  upon  the  hypothesis  that  a  ty^pical  cell  contains  the 
more  or  less  passive  chromatin,  and  the  archoplasm  playing  upon  this 
chromatin  in  course  of  every  jDhase  of  re- distribution,  it  seems  a  priori 
improbable  that  elements  which  are  associated  with  every  vital  change 
should  be  dissociated  in  the  phenomena  of  heredity.     We  might  suppose 
that  the  mechanics  of  karyokinesis  are  exaetly   similar  in  every  cell 
of  one  individual,  but  it  is  highly  improbable  that  they  should  be  ex- 
actly similar  in  two  individuals.     We  should  therefore  anticipate  th& 
joint  transmission  of  the  chromatin  and  archoplasm,  implying  by  the 
latter  the  dynamic  centers  especially  connected  w  ith  hereditary  function- 
as  distinguished  from  the  general  functions  of  metabolism. 

This  leads  us  to  look  for  evidence  from  the  life  of  the  cell  iu  its. 
totality.    We  owe  to  Dr.  Max  Verworn*  a  fresh  treatment  of  this» 
subject,  based  upon  experimental  researches  among  the  Infusoria^^ 
mainly  by  the  extirpation  method.    As  his  experiments  included  oul^ 
the  phenomena  of  living  cells  in  which  the  chromatin  substance  wa:^ 
of  course  undifferentiated  to  the  eye,  he  treats  of  the  nucleus  as  ^ 
whole  without  distinction  as  to  chromatin  and  aehromatin.     lie  com  - 
eludes  that  the  physiological  importance  of  the  nucleus  is  exhibited 
in  its  constant  interchange  of  materials  with  the  remainder  of  the  cell 
body;  only  through  this  interchange  does  it  influence  the  cell  and 
control  its  life  processes.    The  interchange  is  in  triple  currents,  (My 
from  outside  of  cell  to  cytoplasm;  b,  from  cyto-plasm  to  nucleus;^? 
from  nucleus  to  cytoplasm.    These  movements  of  interchange  are  the 
expression  of  life  i)henomena.     He  compares  the  role  of  the  nucleus  t-o 
that  of  a  cell  organoid,  like  chlorophyll,  as  not  constantly  present  but 
as  invaribly  necessary  to  activity.    Thus  he  believes  even  the  most 
lowly  organized  cells  have  nuclear  cent4?rs,  and  that  even  bacteria  are 
dilierentiated  into  nuclear  and  extra-nuclear  areas.    Coupled  with  this 
idea  of  nu<!lear  control  is  the  somewhat  paradoxical  statement  that 
the  nucleus  is  not  a  dynamic  center,  either  automatic  or  regulating, 
and  the  conclusion  that  the  nucleus  alone  cannot  be  the  seat  offer 
tilization  and  heredity,  but  both  the  nucleus  and  extra- nuclear  pro 
toplasm  must  constitute  the  material  basis  of  heredity.     This  conclusion 
is  in  the  direc^tion  of  tlie  general  reaction  of  opinion  which  is  now 
taking  place  agaiuvSt  the  centralization  of  cell-government  in  the  nucleus. 

Vague  as  they  nuist  necessarily  be,  our  idea«  of  cell  forces  are  some 
what  further  detinetl   by  the  brilliant  experiments  of  the  Hertwig 

"  *'  Die  Pliysiologische  Bedentung  des  Zellkems/'  Archiv  fur  Phy9iolog*ej  1891,  PP- 
113-115. 
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brothers  ui)Oii  germ  cell  physiology  and  pathology,  which  are  full  of 
suggestion  as  to  the  causation  of  abnormalities  in  inheritance.  These 
were  begun  in  1884,  and  were  first  directed  to  the  influence  of  gravita- 
tion upon  the  planes  of  embryonic  cell  division,  following  up  the  ex- 
l)erinients  of  Pfliiger  and  Eauber.  In  1885  the  conditions  of  bastard 
fertilization  were  studied;  in  1887  the  causes  of  polyspermy  or  mul- 
tiple fertilization;  and  in  1890  the  eftects  of  extreme  heat  and  cold 
upon  germ-cell  functions.*  In  general  the  conclusions  reac^hed  were 
that  in  the  normal  state  there  exist  regulating  forces  in  the  ovum  which 
prevent  multiple  fertilization  or  bastard  fertilizations  (i.  6^,  by  sperma- 
tozoa of  other  varieties),  but  these  forces  are  neutralized  where  the 
life  euergy  of  the  cell  is  diminished  by  i-eagents  or  by  extremes  of 
temperature. 

Forexamjde,  in  the  normal  state  the  entrance  of  a  single  sperma- 
tozoon produces  a  reaction  in  the  ovum  wall  preventing  the  entrance 
of  other  spermatozoa,  but  when  the  ovum  is  weakened  by  chloroform 
solution  two  or  more  spermatozoa  enter  before  the  reaction  appears;  in 
fact  that  <legree  of  polyspermy  is  directly  proportional  to  the  intensity 
of  the  chemical,  thermic,  or  mechanical  disturbance  of  the  ovum. 
Double  fertilization  or  over-fertilization  has  not  in  a  single  case  resulted 
in  the  producti(m  of  twins,  so  that  Fol's  supposition  is  negatived, 
although  other  forms  may  behave  differently.  The  cell  function  may 
be  arrested  at  any  stage  by  thermic  influences;  thus  two  iironuclei, 
paternal  and  mat/ernal,  about  to  unite,  can  be  held  apart  by  lowering 
the  temperature.  Polyspermy  also  results  from  a  lowered  tempera- 
ture. It  is  noteworthy  that  the  conditions  of  bastard  fertilization  and 
l>%8permy  are  different;  chloroform  produces  the  latter  but  not  the 
former.  Kupffer  has,  I  believe,  succeeded  in  producing  twins,  or 
rather  two-headed  monsters,  by  abnormal  fertilization  in  flshes. 

These  researches,  although  made  with  a  different  object,  re-establish 
tte  older  views  as  to  the  inter-dependence  of  nuclear  and  extra-nuclear 
Activities,  and  show  that  no  sharp  line  of  demarcation  of  function  can 
l>e  drawn  between  the  luicleus  as  a  center  of  rei)roduction  and  heredity 
aud  the  cytoplasm,  as  the  seat  of  tissue  building  and  nutrition.  In 
Boveri's  discovery  of  the  archo-plasmic  centers,  or  centrosomes,  we  find 
)ositive  ground  for  this  broader  view.  It  is  connected  with  the  cell 
Phenomena  of  heredity  in  the  following  manner: 

While  the  union  of  the  nuclei  in  fei'tilization  is  the  moat  obvious 
iatui'e,  this  union  is  dependent  upon  the  archoplasm,  which  re-arranges 
iie  nuclear  elements.  If  the  spermatozoon  contains  no  archoplasm, 
[lis  power  can  not  come  from  the  parental  side;  but  Boveri  shows  that 
[lis  is  probably  not  the  case  and  that  the  spermatozoon  brings  its  cen- 
rosome  with  it,  thus  entering  the  ovum  with  both  the  parental  chro- 
latiu  substance  and  dynamic  material.    It  is  certain  from  this  and 


*Exi)erimen telle  UiiterHncliungeu  iiber  die  Bedingungen  der  Bastardbefruchtiiug. 
eua,  18S5.     See  series  of  papers  iu  JenaUche  ZeiUchrifi, 
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from  the  observations  of  Roiix  that  the  sperni  cell  is  now  to  be  regard 
as  more  than  a  mere  nucleus,  that  it  contains  l)oth  nuclein  and  pai 
nuclein. 

Intercellular  fontes. — The  forces  within  the  different  portions  of  1 
cell  lead  us  to  consider  those  which  must  exist  between  diflferent  ce 
This  is  an  obscure  question  at  present;  but,  as  I  have  observed  in 
close  of  the  second  lecture,  it  is  an  extremely  important  one  in  conn 
tion  with  the  problem  of  heredity. 

As  Prof.  Wilson  writes:  ** My  own  conviction  steadily  grovs  that 
cell  is  not  a  self-reii^ulating  mechanism  in  itself,  that  no  cell  isisolat 
and  that  Weisman's  fundamental  ])roposition  is  false.'- 

It  is  a  long  stej)  between  an  a  priori  conviction  and  the  clcmoiisi 
tion  by  experiment  ot*  a  correlation  4 if  forces  between  the  cells.  T 
seems  to  me  a  most  important  Held  of  ex])eriment.  We  have  seei 
Maupas's  work  that  the  contact  of  two  infusoria  initiates  a  ra 
series  of  internal  changes;  we  have  only  to  conceiv«»  of  analog 
changes  taking  place  when  two  cells  are  not  in  actual  contact,  a 
the  phenomena  of  previous  fertilization  referred  to  in  ray  second 
tare.  Hertwig  and  others  have  shown  how  gravitation  is  related 
cell  activity.  Koux  has  destroyed  half  an  embryo  with  a  hot  needli 
the  first  stages  of  segmentation  and  followed  the  other  half  throi 
the  stages  of  subsequent  dev(»lopment.  Another  clever  experimei 
has  turned  fertilized  ova  ui)side  down  during  the  early  stages 
develoi>ment,  and  shown  how  the  protoplasmic  pole  and  yolk  i 
forcibly  change  places.  Driesch  has  traced  the  connection  and  ni€ 
ing  of  the  first  plane  of  cleavage  in  the  embryos  of  exjhinoderms,  1 
has  succeeded  in  raising  a  small  adult  from  half  an  embryo  artificii 
separated  during  the  first  cleavage  stage.  Wilson,  in  the  larva 
Nereis,  has  shown  how  a  certain  stage  of  division  in  one  group  ofo 
affects  all  the  other  groups.  All  these  experiments  are  in  the  lin( 
determining  the  rehitions  which  exist  between  intertial  cell  forces  a 
other  natural  forces.  What  we  must  now  seek  to  determine  is 
relation  of  cell  to  cell  throughout  the  body,  in  connection  with 
phenomena  of  heredity. 

Conciliations. — Perhaps  the  most  impressive  result  of  our  review 
recent  researches  in  evolution  and  heredity  is  the  uniformity  of 
processes  throughout  the  whole  scale  of  life  from  the  infusoria  to  mi 
The  most  striking  analogy  is  that  seen  in  the  laws  of  fertilization  a 
conjugation,  which  are  shown  by  Maupas's  researches  to  have  Ix 
established  substantially  in  their  present  form  at  a  very  early  period 
the  evolution  of  li vin g  organ  ism s .  Such  uniformity  furni shes  a  power 
argument  for  the  advocates  of  the  study  of  biology  as  an  introduction 
the  applied  science  of  medicine.  Much  that  is  now  entirely  oniitt 
from  medical  education,  because  it  is  considered  too  remote,  is  in  red 
at  the  very  roots  of  the  science.    To  understand  the  disorders  of  1 
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we  should  first  thoroughly  understand  the  essential  phenomena  of 
normal  life.  Of  coarse  we  shall  never  see  life  as  it  really  is,  because 
there  is  always  something  beyond  our  highest  magnifying  powers;  but 
we  come  nearest  to  this  invisible  form  of  energy  when,  with  such 
investigators  as  Hertwig  and  Maupas,  we  strip  the  life  processes  of  all 
their  accessories  and  view  them  in  their  simplest  external  form. 

The  problems  of  evolution  are  found  to  be  inseparably  connected  with 
those  of  heredity.  No  theory  is  at  all  adequate  which  does  not  explain 
both  classes  of  facts,  and  we  have  seen  tliat  the  explanations  offered 
by  the  two  opposed  schools — those  who  believe  in  the  transmission  of 
acquired  characters  and  those  who  do  not — are  directly  exclusive  of 
each  other.  We  should  suspend  judgment  entirely  rather  than  cease 
to  gather  from  every  quarter  facts  which  bear  upon  the  most  important 
and  central  problem  of  the  transmission  of  acquired  characters.  I 
have  endeavored  to  point  out  the  opportunities  which  medical  practi- 
tioners enjoy  of  contributing  evidence  upon  this  mooted  question.  It 
iinist  not  be  forgotten  that  while  the  inheritance  of  individual  adapta- 
tion to  environment  is  the  simplest  method  of  explaining  race 
adaptation  such  as  we  observe  in  the  evolution  of  man,  we  know  abso- 
lutely nothing  of  how  such  inheritance  can  be  effected  through  the 
{Term  cells.  We  can  not  at  present  construct  even  any  form  of  working 
hypothesis  for  such  a  process.  On  the  other  hand,  we  have  found  how 
untenable  is  the  alternative  theory  offered  to  us  by  Weisraann,  that  it 
is  solely  natural  selection  or  the  survival  of  the  fittest  which 

**  -    -    -   shapes  our  endH, 
Kongh  hew  them  as  we  will/' 

At  the  same  time  Weismann's  conception  of  a  continuity  of  germinal 
protoplasm,  which  we  have  found  to  consist  in  chromatin  })lu8  archo- 
plasm,  helps  us  over  many  of  the  phenomena  of  heredity,  especially  on 
the  retrogressive  side,  and  if  it  were  not  that  we  must  also  account 
ft>r  progressive  and  definite  transformation  in  heredity,  we  might  credit 
^^^  distinguished  Freiburg  naturalist  with  having  loosened  the  Gor- 
'^iau  knot. 

^n  summing  up,  the  order  of  treatment  followed  in  the  lectures  may 
^  reversed,  and  we  can  begin  with  the  germ  cells,  and  condense  the 
^OTe  or  less  ascertained  facts. 

The  germ  cells : 

(1)  The  material  substance  of  hereditary  transmission  is  the  highly 
^loring  protoplasm,  or  chromatin,  in  the  nucleus  of  the  germ  cells, 
>*obably  connected  with  a  certain  form  of  archoplasm,  or  dynamic 
**otopla8m  outside  of  the  nucleus. 

(2)  Before  conjugation  and  fertilization  the  hereditary  substance 
f^both  the  male  and  female  cells  is  reduced  to  one-half  that  found  in  a 
Epical  cell.  This  substance  is  however  first  doubled  and  then  quar- 
'red,  the  meaning  of  which  process  is  not  understood. 
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(3)  There  is  a  difference  of  opinion  as  to  whether  the  paternal  and 
maternal  hereditary  substances,  during  fertilization,  are  fased  or  lie 
side  by  side;  also  as  to  how  the  substance  is  distributed  through  the 
tissues,  whether  en  masse  or  by  qualitative  distribution. 

Heredity: 

(4)  No  connection  between  the  germ  cells  and  body  cells  is  known, 
but  the  facts  of  heredity  seem  to  render  such  a  connection  theoreti- 
cally necessary.  Several  classes  of  facts  connected  with  reprodnctioa 
seem  to  support  this  theory. 

(5)  The  facts  of  heredity  support  the  theory  of  a  continuous  ani 
specific  form  of  protoplasm  as  the  basis  of  rei)etition  of  type. 

Evolution : 

(6)  The  facts  of  evolution,  both  in  present  and  past  time,  point  to 
transformism  by  definite  progression  toward  new  types  of  structure 
in  succeeding  generations,  opposing  the  retrogressive  forces  of  heredit)% 

(7)  The  theory  (natural  selection)  of  definite  progression  by  th^ 
accumulation  of  fortuitous  favorable  variations  is  found  to  be  not  only 
theoretically  improbable,  but  not  to  correspond  with  the  observed  law* 
of  variation. 

(8)  The  laws  of  variation  (anomalies)  lend  support  to  the  theory  of 
hereditary  traiisniissiou  of  individual  acquired  variations,  but  even  this 
(Lamarckian)  theory  encounters  many  difiiculties. 

I  think  this  is  as  fair  a  statement  as  can  be  made  at  the  jiresent: 
time,  and  it  rests  upon  a  general  suivey  of  the  whole  field. 
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By  Prof.  Dr.  J.  A.  Palm^n.I 

Hehingfors^  Finland. 
[Translated  from  the  German  by  C.  W.  Shoemaker.] 


Tb.^  annaal  migration  of  birds  has  at  all  times  attracted  the  atten- 
Ml  of  thinking  men  but  in  very  different  ways.  Thus  this  phenomenon 
*'alc€8  in  the  simple  peasant  other  thoughts  than  in  the  man  of  cul- 
re  -  the  poet  and  the  naturalist  look  upon  the  returning  flocks  with 
hex*  feelings  than  the  hunter.  Natural  philosophers  hnally  take  up 
le  migration  as  a  very  comi^licated  problem  for  investigation.  They 
ig£^i*d  it  however  from  different  points  of  view,  and  accordingly  the 
le^tion  is  treated  in  dissimilar  ways. 

I^i^mc  admonislied  Tiatural  philosophers  to  observe  the  migration 
t'  t>ix(is.  But  this  collecting  of  data  could  not  be  done  methodically 
efo:re  the  necessity  for  simultaneous  observations  over  greater  areas 
*d.  made  itself  felt  by  the  examination  of  geophysical  questions, 
1^*1  in  this  direction  a  program  was  practically  carried  out.  Quetelet 
^®*t  iu  the  year  1841  asked  that  the  changes  in  living  nature  also  be 
'^^^d  in  a  comprehensive  and  regular  manner,  and  his  countryman  de 
^^l^'^ss-Longchamps  proposed  to  collect  exact  data  specially  on  the  mi- 
H'^tion  of  birds.    This  repeated  warning  was  now  obeyed  with  zeal. 

^cibmitted  to  the  Second  luternatioual  Ornithological  Congress  iu  Budapest, 

*  ^Vheu  in  the  fall  of  1890,  the  Hungarian  commlMec  for  the  Second  International 
"^ithological  Congress  in  Buda-Pesth  charged  mo  with  the  duty  of  preparing  the 
®I>ort  on  the  state  of  our  knowledge  regarding  the  migration  of  birds,  a  far  deeper 
*"^^Ration  was  at  the  same  time  officially  laid  upon  me,  the  fulfillment  of  which 
®*l'iired  great  exertions.  But  the  prospect  of  being  able  to  sAy  a  word  on  such  an 
'•^casjiou  about  tho  subject  which  had  become  dear  to  me  wjuj  too  enticing;  and  iu 
^  l^ope  that  I  might  be  able  to  discharge  my  official  duties  by  New  Year,  I  promised 
"  place  my  small  abilities  at  the  disposal  of  the  committee. 

'^  >»fortunately  I  was  mistaken,  and  those  duties  are  yot  yet  performed.  I  did  not 
®^<^f?ive  the  full  scope  of  the  work  until   after  it  was  too  lute  to  turn  it  over  to 

^tlier  specialist.     And  so  nothing  renuiined  but  to  i)erform  iu  tho  shortest  possible 

'^^'ft  an  almost  impossible  task.     No  one  can  be  more  conscious  of  the  defects  of  the 

^^^«nt  report  than  the  person  making  it.     When  he  ventures,  however,  to  appear 

^  *U  it  before  the  Second  International  Ornithological  Congress,  he  does  it  in  the  hojie 

'*t  in  passing  judgment  upon  it  the  above  circumstances  may  be  duly  considered. 

*  lie  writer  hopes  to  be  able  to  treat  the  subject  more  exhaustively  on  another 
*^^U8ion,  and  thus  to  remedy  in  a  measure  the  defects  of  the  present  treatise. 

^^LSINOFORS,  May  (J,  1891, 
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When  the  new  impetus  on  the  side  of  physicists  and  climatologists 
became  felt,  the  inquiry  assumed  adequate  form.  The  arrival  data 
were  considered  like  other  climatological  observations,  and  treated  m 
the  same  manner  iis  the  notices  on  temperature,  air  pressure,  etc.,  with 
the  view  of  finding  an  expression  for  the  climate  of  the  corresponding 
regions.  The  bird  of  passage  was  regarded  as  a  complicated  apparatus, 
by  the  observation  of  which  the  climatological  problems  could  be  ex- 
plained in  certain  relations. 

Zoologists  however  could  not  permit  the  bird  and  its  migrations  to 
be  regarded  merely  as  a  means  to  serve  other  purposes,  but  both  con- 
stituted independent  problems  in  themselves,  dependent  only  in  certaia 
respects  upon  climate,  etc.  It  was  asked  therefore  how  the  que«tioa 
was  to  be  examined  in  this  regard;  and,  as  may  readily  be  conceived, 
methods  were  for  the  time  being  suggest<^d  which  the  climatologists 
had  already  perfected. 

Consequently  the  "climatological"  material  of  data  about  the  arriyai 
and  departure  of  the  birds  assumed  the  character  of  an  avi-phenologi- 
cal  material.  By  its  proper  treatment,  it  was  desired  to  fix  the  course  of 
the  migration  of  the  species  of  birds;  and  with  this  view  first  of  all  an 
effort  was  made  to  determine  its  time,  in  order  to  judge  first  by  that  of 
the  direction  of  the  migration.    Two  means  were  now  available: 

(1)  Either  data  of  arrival  from  one  year  only  were  to  be  used,  because 
only  such  can  be  compared  with  one  another  (Kessler,  1852,  South 
Eussia) ; 

(2)  Or  from  as  many  years  as  possible,  in  order  that  the  errors  of 
observation,  unavoidable  in  any  case,  could  be  mutually  corrected. 
(V.  Middendorff",  1855,  Russian  Empire.) 

Both  conditions  were  very  difficult  to  fulfill,  the  former  however, 
easier  than  the  latter. 

At  all  events,  both  methods  offered  a  good  view  of  the  gradual  prog- 
ress of  the  bird  species,  as  heretofore  of  that  of  the  increase  of  tem- 
perature and  similar  climatological  phenomena,  but  hardly  anything 
more.  The  conclusion  that  the  migration  takes  place  at  right  angles  to 
the  isopipteses  seemed  justified;  but,  with  regard  to  the  direction  of 
the  bird's  mi<»ration  to  be  ascertained,  could  not  possibly  prove  more 
exact  than  the  premises  themselves,  the  methods  of  inquiry,  and  the 
material. 

As  a  reminder  of  the  *•  climatological-'  conception  of  the  problem 
and  of  the  correspondinj^  methods,  something  medium,  somethinj:  of 
arithmetical  mean  values  had  to  attach  to  the  result,  which  however 
did  not  exist  in  the  phenomenon  itself. 

For  the  migiation  of  birds  is  b}'^  no  means  a  meteorological  but  a 
biological  phenomenon.  The  question  is  about  the  advance  of  Hving 
individuals,  who  move  according  to  their  own  will.  Their  paths  must 
be  investigated,  and  the  result  of  this  inquiry  must  be  given  much 
more  exactly  than  the  advance  of  the  spring  warmth.    For,  since  the 
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dvidual  can  pass  over  only  one  line  of  migration,  the  question  arises 
tiether  flocks  of  individals,  and  even  the  whole  species,  can  not  in 
e  same  manner  follow  fixed  routes  which  suit  them.  Otherwise,  how 
►es  it  happen  that  certain  species  appear  in  numbers  every  yosir  in 
^ed  places  without  showing  themselves  in  the  neighborhood?  How 
mes  it  that  the  single  individuals  at  last  find  their  way  back  to  their 
I  nesting  places  ?  The  climatological  methods  do  not  suffice  to  answer 
ese  questions;  others  must  be  applied. 

^8  in  any  complicated  problem,  the  order  in  which  the  different  sides 
the  question  are  taken  up  is  not  a  matter  of  indifference;  for  the 
lowledge  of  some  of  its  sides  indisputably  helps  to  an  understanding 
certain  others.  Which  side  of  the  x)henoraenon  of  migration  is  to 
Mil  the  scaffold  f  Which  must  be  understood  first,  in  a  measure  at 
ist,  before  the  other  questions  can  be  properly  asked,  much  less 
iswered. 

In  fact,  a  principal  problem .  of  the  investigation  falls  within  the 
main  of  zoo- geography,  for  it  must,  first  of  all,  be  established  which 
Hte  the  species  takes  before  the  time  required  to  traverse  this  route 
d  other  circumstances  connected  with  its  passage  can  be  considered. 
Sunderall  pointed  out  empirically  the  course  which  the  investigation 
d  to  take  when,  in  the  year  1871,  he  made  known  the  routes  of  migra- 
m  of  the  crane  in  Europe. 

With  the  conviction  that  only  a  systematically  considered  investiga- 
►n  could  explain  the  migrations,  the  writer  examined  the  question 
almen,  iiber  die  Zuffstrasseu  der  Vikfel^  1874,  1870)  with  particular 
a^ard  to  only  a  small  number  of  hyperborean  si)ecies.  It  seems  neees- 
ry  to  go  into  the  cpiestion  step  by  step,  and  first  of  all  to  fix  the  route 
those  spe<5ies  of  birds  whose  migrations  seemed  x)roper,  to  place  in  a 
*ar  light  the  methods  of  investigation  to  be  employed;  for  in  this 
lation  it  is  not  possible  to  compare  all  species  of  birds  nor  all  the 
gions  i)enetrate<l  with  one  another. 

In  the  choice  of  the  zoo-geographic,  and  therefore  of  the  avifaunal 
aterial  to  be  em])loyed,  two  different  groups  of  facts  especially  pre- 
ut  themselves. 

(1)  Either  the  general  migration  of  difl'erent  species  would  have  to 
» investigated,  which  is  known  to  have  awakened  the  most  intense 
terest  of  observers  in  many  jilaces; 

(2)  Or  every  individual  species  is  to  be  followed  separately  through 
1  the  regions  which  it  visits  in  its  migration. 

The  enormous  masses  of  migratory  birds  which  pass  through  certain 
irrow-bounded  regions  long  since  attracted  attention,  for  all  descrip- 
">ns  from  those  regions  are  highly  i)icturesque  and  entertaining, 
evertheless,  these  rather  touch  our  sentiment  than  our  reason.  They 
ave  the  questions  whence?  whither?  whyH  unanswered,  simply  be- 
luse  each  species  can,  properly  speaking,  answer  these  questions  only 
its  own  manner,  but  we  ourselves  can  not  separate  and  understand 
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the  iudividual  voices.    Tho  whole  thing  inuiKt  therefore  api)ear  to  us 
as  a  complication,  though  a  very  interesting  one. 

Here  also,  then,  an  average  answer  is  of  no  use,  but  the  whole  must 
be  closely  analyzed.  This  however  can  not  be  attained  by  study  of 
the  general  migration.  Just  as  a  tangle  of  threads  can  only  be  loosened 
by  getting  out  the  single  threads,  so  out  of  the  net- work  of  migratory 
routes,  that  is  out  of  the  *' highway,"  the  separate  road  of  ea«h  species 
of  bird  must  be  picked  out  and  followed.  And  this  work  pre-supposes 
the  knowledge  of  the  last  named,  which  however  can  only  be  acquired 
where  the  migration  assumes  a  simpler  aspect. 

The  existence  of  narrowly  limited  roads,  ramified  in  a  characteristic 
manner  for  each  species,  was  felt  beforehand  by  zoologists  who,  in  tbeir 
investigations,  depended  upon  the  less  productive  climatological  meth- 
ods. Thus  in  admirable  manner  von  Middendorff  compared  the  routes 
of  separate  species  of  birds  with  the  different  forms  of  shrubs  and  trees 
which  were  drawn  on  the  paper.  The  leaves  correspond  to  the  nesting 
places,  the  branches  are  to  compare  with  the  routes,  and  the  roots  with 
the  winter  quarters.  On  the  map  the  shrubs  would  bear  their  fohage 
not  far  from  the  roots  drawn  somewhat  more  to  the  south;  the  trees— 
likewise  ramified,  but  of  lofty  growth — would  take  a  higher  place;  and, 
unramified,  some  gigantic  stalks  would  jut  out,  which  on  the  map  take 
root  in  Egypt,  but  with  their  branches  shade  the  coast  regions  of  the 
frozen  sea,  beyond  the  tree  limits. 

With  the  indispensably  necessary  geographical  determination  of  the 
routes  of  separate  species  of  birds,  all  reliable  local  faunas,  as  well  as 
smaller  lists,  must  first  of  all  be  used  as  material  for  investigation,  and 
moreover,  all  notices  of  isolated  discoveries  of  a  species  of  bird  in  places 
which  the  migiation  passes.  Such  isolated  notices  and  minor  works 
are  indeed  the  extreme  roots  of  the  inductive  zoo-geographic  inquiry. 
Out  of  the  entire  ornithological  literature  therefore  a  comparison  is  to 
be  made  of  all  accounts  of  the  appearance  of  a  species  of  bird.  Conn- 
try  after  country  must  make  its  contribution,  and  for  each  district  a 
separate  conclusion  must  be  drawn  for  the  species  in  question,  and  the 
result  added  to  that  of  the  next  district. 

The  writer's  investigation  of  the  migration  of  some  birds  breeding  in 
the  Arctic  regions,  carried  out  on  these  principles,  yielded  certain  re- 
sults which  need  not  be  here  considered  in  detail,  but  it  may  perhaiis 
be  well  to  note  some  of  the  main  points. 

During  the  migration,  these  birds  do  not  by  any  means  take  any  di- 
rection they  please,  nor  do  they  follow  everywhere  one  and  the  same 
direction,  perhaps  a  "general  migratorj^  route."  They  rather  follow 
well  defined,  geographically  bounded  ways,  whose  bends  depend  pri 
marily  upon  the  topographical  relations  of  the  regions.  Other  not  0101*6 
accurately  examined  species  of  birds  also  act  in  the  same  or  an  analo- 
gous manner;  since  their  migrations,  taking  i)lace  almost  everywhere, 
are  to  be  traced  to  extremely  ramified  routes.  The  routes  of  migration 
maj  be  grouped  into  several  categories  according  to  their  character. 
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The  order  of  migration  of  the  individuaKs  may  be  reduced  to  two 
►imple  types:  (1)  wliere  a  number  of  individuals  move  from  one  place 
o  another  without  changing  their  relative  positions  (nacheinander* 
-xig);  (2)  where  the  relative  positions  are  changed,  some  moving  more 
apidly  than  others  (voriiberzug) ;  with  all  transitions  between  the 
wo. 

The  irregular  migrations  also  are  to  be  distinguished  from  the  regu- 
ar,  and  the  stray  visitors  are  to  be  rx)nsidered  in  harmony  with  this 
principle.  These  stray  visitors  can  essentially  contribute  in  the  spring 
n  different  ways  to  the  extension  of  the  breeding  district. 

Theoretically  the  origin  of  the  migration  instinct  becomes  somewhat 
acre  comprehensible  than  before;  and  the  explanations  found  might 
»e  fit  to  cause  a  new  discussion  about  the  phenomenon  of  migration. 
?his  conception  of  the  particulars  of  the  migrations  met  with  appro- 
al  on  many  sides.  Nevertheless  the  voice  of  Mr.  E.  F.  von  Homeyer 
ras  soon  raised  against  it,  from  whose  work  {Die  Wanderungen  der 
^"^ogeij  1881)  I  have  brought  together  the  following  leading  views:* 

Birds  usually  migrate  in  a  fixed  direction, — in  the  greater  part  of 
Europe  essentially  from  northeast  to  south-west.  The  maintenance  of 
his  direction  depends  oil  the  birds'  sense  of  direction. 

The  passage  of  a  particular  species  extends  over  every  single  point 
vithin  its  migration  district;  for  the  birds  fly  so  high  in  the  air  that 
he  direction  of  their  flight  becomes  independent  of  the  topography  of 
he  ground.  From  this  height  they  perceive  suitable  resting  places, 
?Fhere  they  can  repose  or  stop.  By  combining  such  places,  the  pre- 
:«nded  migration  routes  are  constructed,  which  by  no  means  correspond 
to  the  facts.  The  birds  do  not  move  along  linear  routes,  at  least  not 
ilong  coast  ways.    They  move  with  an  extended  front,  everywhere. 

Only  in  isolated  places  are  the  birds  compelled  by  insurmountable 
obstacles,  like  high  mountains,  to  deviate  from  the  general  direction, 
and  to  collect  together  in  larger  numbers  at  one  point  than  at  another. 

The  erroneously  so  called  stray  visitors  have  by  no  means  gone 
astray.  They  are  simply  rare  birds,  which,  owing  to  the  incomplete- 
ness of  the  observations,  are  overlooked  in  most  places. 

All  theoretical  speculations  on  the  migration  are  to  be  rejected. 
They  are  not  only  useless,  but  directly  injurious;  because  they  only 
forestall  the  real  observation  of  nature,  and,  instead  of  adv^ancing 
knowledge,  merely  open  the  door  to  fancy.  The  tendency  to  construct 
hypothetical  migration  routes  for  the  birds  has  sprung  from  the  now 
popular  endeavor  to  trace  everything  back  to  the  Darwinian  doctrine. 

In  later  years  Hartwig  followed  E.  von  Homey er's  conception  of  the 
course  of  the  migration  (Journ.  /.  Ornith.,  1 885,  p.  427 ;  compare  also  Har- 
tert,  J.f.  Ornith.,  1887,  p.  251  and  1889,  p.  234). 

The  writer  had  already  in  the  year  1882  published  his  "answer"  to 


*  This  is  done  with  all  reservatiou,  for  there  are  still  isolated  places  in  the  work 
irhere  the  above  views,  formerly  subscribed  by  the  author  named,  are  still  held. 
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the  author  of  the  ''migrations".    That  conception  has  at  all  events  its 
authority  as  the  personal  opinion  of  the  renowned  author.    It  could 
however  be  fully  accepted  only  in  case  it.  were  founded  upon  a  material 
of  communicated  facts,  and  conclusions  had  been  reached  from  these 
in  a  strictly  logical  and  conscientious  manner.    Because,  however,  these 
conditions  were  wanting,  a  purely  scientific  examination  of  the  views 
given  could  be  made  only  with  difficulty  or  not  at  all.    The  discussion 
could  only  take  the  form  of  a  personal  defense,  which  could  at  all  events 
somewhat  clear  up  the  question,  dulled  by  the  manner  of  the  attack,  but 
could  contribute  little  to  the  ftirther  elucidation  of  the  problem  itself. 

A  little  attention  will  suffice  to  show  that  the  writer  had  neither 
subscribed  to  narrow  "linear"  routes  for  ''birds"  in  general,  nor  the 
existence  alone  of  coast  and  river  ways.  He  maintained  above  all  that 
the  individual  species  of  birds  do  not  move  irregularly,  and  also  that 
each  species  is  not  obliged  to  follow  a  fixed  direction  in  the  sky.  They 
act  according  to  the  local  and  continental  relations  of  the  ground,  and, 
besides,  each  species  according  to  its  own  nature. 

There  are  then  also  species  whose  routes  go  through  narrow  plains, 
and  which  spread  out  here  as  far  as  the  space  permits.  The  migration 
routes  likewise  often  lead  through  regions  wliere  these  species  find 
ample  scope  and  can  choose  suitable  roads  within  wider  bounds.  The 
migration  lines  of  individuals  and  bands  group  themselves  then  in 
bundles,  which,  according  to  circumstances,  branch  out  and  run  to- 
gether again,  and  the  individuals  do  not  here  confine  themselves  so 
strictly  to  fixed  places,  as  in  the  narrow  bounded  sections  of  the  route. 
In  such  wider  roads,  as  may  readily  be  conceived,  a  wider  front  is 
also  developed.  Kven  our  opponents  seem  to  allow  that  here  also  cer- 
tain ol)stacles  situated  on  the  flanks  prevent  the  unlimited  extension 
of  the  individual  routes.  How  many  species  of  birds  exist,  which  ar« 
not  at  all  dependent  on  the  conformation  of  the  ground  and  on  the 
resting  places,  can  not  be  decided  beforehand. 

Every  species,  every  variety,  and  every  form  differing  in  the  slight 
est  respect  must  therefore,  if  possible,  be  treated  separately.  A  com- 
plex of  species  are  to  be  examined  together,  which  in  the  migration 
agree  somewhat  geographically.  Thus  in  certain  respects  a  want  of 
material  in  some  species  can  be  to  some  extent  supplied  by  analogies  in 
others.  Accordingly  an  average  treatment  of  heterogeneous  species  can 
not  be  justified  in  a  special  scientific  investigation  of  migration,  and  in 
a  region  where  the  most  dissimilar  species  are  known  to  follow  one  and 
the  same  direction  or  road,  this  surely  has  its  cause  in  topographical 
conditions  which  perhaps  lie  further  and  are  only  perceptible  in  the 
whole  mass.  The  importance  of  such  highways  to  the  problem  of  mi- 
gration was  discussed  above. 

A  "universal  direction  of  migration,"  which  perhaps  all  the  species 
of  birds  in  the  expanse  of  whole  continents  should  follow,  docs  not, 
therefore,  correspond  to  a  well  founded  conception  of  the  phenomenon 
of  migration.    It  is  likewise  evident  that  in  an  exact  scientific  discus- 
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1011  a  special  declaration  for  "birds"  in  general  can  claim  no  scientific 
alue.  Such  general  expressions  are  to  be  avoided,  because  they  may 
asily  lesui  astray. 

As  already  remarked,  the  view  of  tlie  existence  of  geographically 
efined  routes  of  migration  began  to  prevail  gradually,  and  almost 
miiltaneously  with  the  completion  of  the  writer's  work  similar  state- 
eiits  api>eared  from  the  most  approved  quarters,  for  example,  from 
Wallace  and  A.  von  Middendorff.  The  writer  can  not  omit  to  mention 
lat  in  a  i)ersonal  interview  he  received  the  full  approbation  of  the  la«t- 
iuie^  venerable  inventigator  of  Siberia.  Tlie  approval  of  Aug.  Weis- 
ann  may  be  regarded  as  of  great  importance  with  regard  to  zoology 
•general,  and  finally,  liadde's  well-known  statement  **that  every- 
here  on  earth  the  direction  of  tlie  migration  intimately  depends,  and 

even  dictatorially  conditioned,  on  the  relief  of  the  land  which  the 
Tds  pass"  (1884). 

For  the  continued  investigation  of  the  phenomenon  of  migration  in 
le  sense  above  mentioned,  it  seemed  absolutely  necessary  to  obtain  a 
Tge  quantity  of  observations  from  the  most  different  iilaces.  For  in- 
Bfinite  accounts  of  the  occurrence  of  the  species  of  birds  in  greater 
istricts  permitted  no  reliable  conclusions  regarding  the  local  extent 
*the  migration  routes.  It  rather  seemed  desirable  to  obtain  niimer- 
is  observations  on  the  migration,  repeated  every  year,  just  as  is  done 
I  the  study  of  meteorological  phenomena. 

For  these  rea^sons  Mr.  Keichenow,  at  the  spring  meeting  of  the  Uni- 
BFsal  German  Ornithological  Society  in  Brunswick,  on  May  22,  1875 
Tourn,/.  Ornith,^  1875,  p.  Ml),  pointed  to  the  necessity  of  collecting 
bservations  on  the  migration  of  birds  according  to  a  uniform  plan  in 
iverse  regions.  It  was  then  referred  to  a  committee  to  promote  the 
iquiry. 

The  calling  into  existence  of  this  committee  for  observation  stations 
f  the  birds  of  Germany  is  known  to  the  world;  as  also  its  annual 
sports,  which  have  appeared  since  the  year  1876  in  ever  increasing 
ize,  and  whose  editing  has  reflected  the  greatest  credit  on  Prof.  E. 
»]asius  and  Prof.  A.  Eeichenow.  It  is  also  further  known  how  this 
sample  of  Germany  found  imitators  in  Austria-Hungary,  the  observa- 
ons  made  there  being  first  (1880,  1881)  received  in  the  German 
sports,  then  from  the  year  1882,  appearing  independently. 

Every  ornithologist  is  also  acquainted  with  the  progress  of  develop- 
lent  of  this  question  in  Great  Britain,  where  observations  were  begun 
x)m  the  year  1879,  especially  in  the  light-houses,  and  published  an- 
ually. 

Independently  of  these  efforts,  investigations  of  faunas  of  different 
mall  and  large  tracts,  as  well  a^  of  geneial  migrations,  were  started, 
[ore  will  be  said  further  on  ab<mt  these,  as  well  as  about  the  magnitt- 
ent  arrangements  in  North  America. 

So  far  had  the  question  advanced  when,  in  April,  1884,  the  First  In- 
^mational  Ornithological  Congress  met  in  Vienna  and  gave  a  power- 


382 


REPORT   ON   THE    MIGRATION    OF    BIRDS. 


ful  impetus  to  the  furtherance  of  the  iuvestigatious.  Circulars  were 
distributed  in  most  countries  and  observations  collected,  as  appears 
from  the  following  short  summary. 

Eegarding  the  observations  from  Germany  (including  Austria-Hun 
gary,  1881-'82),  the  following  notices  are  taken  from  the  annual  reports 
which  appeared  in  the  Journal  fur  Ornithologie: 


Keport.   !  Year. 


I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XII* 


J  870 
1877 
1878 
1879 
188<) 
1881 
1882 
188:^ 
1884 
1885 
1880 
1887 


1 

Number  of 
observers. 

Speci«« 
obaerved. 

38 

256 

41 

264 

41 

250 

'JO 

264 

:i6        1 

280 

39 

245 

29          ' 

204 

M 

210 

113 

254 

ao'i 

274 

•j:{8 

262 

_  _    1 

*  Ready  for  the  press. 

The  first  annual  reports  (1876-'81)  contain  only  the  special  observa- 
tions. In  accordance  with  Mr.  E.  F.  von  Homeyer's  wish  (JournJ' 
Ornith,^  1880,  p.  357),  a  general  volume  has  since  1882  bei^n  sent  in  ad- 
vance, wherein,  by  bringing  forward  some  examples,  a  picture  ha«  been 
given  of  the  time  of  migration  of  the  year  in  question.  To  this  gen 
eral  description  of  the  migration  was  added  a  short  review  of  the  me- 
teorological incidents  of  the  year  with  referenc^e  to  their  influence  npon 
the  course  of  the  migration. 

The  observations  were  at  first  made  for  each  species,  mainly  with 
reference  to  the  biological  phenomena  (arrival,  breeding,  departure, 
wintering).  The  new  impetus  of  the  year  1884  brought  changes  in 
this  respect  also.  The  necessity  for  editing  in  a  simpler  manner  tbe 
increasing  mass  of  observations  became  apparent.  The  geographic 
arrangement  of  the  notices  was  chosen,  by  w^hich  at  the  same  time 
local  faunas  were  restored.  To  facilitate  inquiries,  the  countries  were 
arranged  in  alphabetical  order,  with  all  their  greater  political  depend- 
encies. 

Since  1886  it  has  been  the  intention  of  the  committ^^e  to  construct 
maps  showing  the  geographical  distribution  of  the  birds  of  Germany. 
Such  maps  have  already  appeared  relating  to  three  species  (Cotths 
comix,  C,  corone,  C,  frugilegiis',  prepared  by  Matschie).  The  committee 
also  intends  to  establish  the  migration  routes  of  certain  birds  in  the 
German  territory. 

At  the  annual  meeting  in  September,  1888  {Journ.  /.  Omith.,  l^^ 
J).  60),  the  instructions  for  observers  were  somewhat  changed,  ^^^ 
drawn  up  again  as  clearly  and  briefly  as  possible.  The  observatiouj? 
relating  to  this  matter,  esi)ecially  in  the  Kingdom  of  Saxony,  are  edited 
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Meyer  and  Helm  {Zeitschr.  f.  d,  gen  Ornith.). 
mug  iminber: 


They  embrace 


I 

II 
III 

IV 


Year.  '  Observers. 


1885 
1886 
1887 

1888 


43 

60 

134 

122 


Spocios. 

180 
199 
215 
213 


ited  above  the  observatioDS  from  Austria-Hungary  for  the 

50-'81  were  incorporated  in  the  corresponding  German  annual 

Since  the  year  1832,  under  the  editorship  of  Prof.  K.  von 

rre  and  V.  von  Tschusi  zu  Schmidhoflfen,  independent  reports 

first  named  countries  have  appeared  in  Ornis  as  follows: 


Year. 

Numl)erof 
observers. 

Speciei* 
observed. 

I 

1882 

46 

338 

II 

1883 

83 

314 

III 

1884 

i          60 

322 

IV 

1885 

67 

1          309 

V 

1886 
1887 

65 
79 

! 

VI 

341 

vn* 

1888 

1 

1 

1 

1 

*  Not  yet  out. 

same  years  appeared  also  reports  on  the  recently  published 
1  the  avifauna  of  the  monarchy.  A  map  giving  a  view  of  the 
iiical  distribution  of  the  observation  stations  in  the  Austrian 

for  the  years  1882-'88  was  also  published  (in  OrnUj  vi,  2,  3). 
kugement  of  the  observations  in  the  reports  thus  agi'ees  pretty 
li  the  publications  of  the  German  committee, 
srmore,  annual  reports  have  been  published  in  different 
n  countries  on  the  ornitliological  results,  arranged  in  almost 
B  manner,  and  accompanied  by  general  statements  on  the 

4 

)hy  of  the  region  and  on  the  meteorological  phenomena  of  the 

ilogue  by  Studer  and  Fatio  of  the  birds  observed  in  Switzer- 
n  preparation,  and  maps  showing  the  distribution  of  twenty 
species  are  added  to  the  first  edition. 

Denmark  (by  Luikeu,   O.    Wintfc^  H.    Winge). 


Report. 

1 

Year. 

Obsei 

rven*. 

Species. 

1       i 

188:) 

9 

214 

ir 

1884 

#• 

1 

157 

111 

1885 

6 

175 

IV 

188G 

5 

*24 

1.55 

V 

1887 

7 

*33 

164 

1888 

*31 

60 

181^9 

, 

-31 

59 

*  Lighthouses. 
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From  Iceland  a  report  has  appeared  (1886 ;  OrniSy  ii,  Grondal),  wherein 
28  species  are  designated. 

Gatke  lias  published  three  aDuual  reports  ou  the  migration  of  birds 
on  the  island  of  Heligoland,  in  the  form  of  continued  diary-notes  (Jan- 
uary, 1884 — December,  1886)  on  the  weather  and  on  the  observed  species 
(OrniSy  i-iii).  Furthermore  R.  Blasius  i)ublished  Gjitke's  work  '*Die 
Togelwarte  Heligoland",  wherein  are  iireserved  the  results  of  fifty- 
three  years'  observations  of  the  circumstances  of  the  migration  of  the 
birds  on  this  remarkable  migration  station  ( Orwi«,  vii,  p.  132). 

Some  reports  a^ipeared  ou  the  migration  of  birds  in  Holland: 


I 

11 

J  88')] 
1880  *> 
1887. 
-1888 

n.v  Alhanhi,   in     Oniis,  I;  in  TijtUehri/t    tin- 

Ill 

i 

1S8.> 

1 

imh.rl.  tierk:,  Ver.  1887,  1888. 
liy  f'oeurailts,  in  OrnU.  v,  p.  'WJ. 

Dubois  also  published  the  following  rei)orts  from  Belgium: 


188r»^    In  Bull,  (lu  Mu»ee  rotfale  <f* 77w/.  nat.   de  Bel- 
1886V       (jique,  IV,  V. 

1887^1 
1888(-1889)^ 


OrnU,  VI. 


Three  numbers  of  communications  of  the  ornithological  commit- 
tee of  the  Royal  Swedish  Academy  of  Sciences,  prepared  by  Sun(lstr<)»w 
and  Smitt,  contain  the  observations  made  by  107  correspondents  iw 
Sweden  during  recent  years  up  to  1886. 

From  the  Russian  Baltic  i)rovinces,  especially  Livonia,  E.  von  Mi<l' 
dendorff  has  sent  three  annual  reports,  188.j-'87  {Ornis). 

Abstracts  of  the  phonological  observations  made  in  Finland  liav*^ 
been  published  by  Ad.  Moberg  {Ofv,  Finska  Vet.  Soc.  Fork.)  for  a  num- 
ber of  years;  and  in  the  years  1878-'89,  arrival  data  in  tabular  forn' 
tor  12  species  of  birds  at  34-68  stations  have  been  published.  The  re- 
mainder is  still  being  prepared  for  publication ;  also  a  comprelieusiv<? 
material  of  observations  which  were  sent  to  the  writer  in  reply  to  J* 
summons  of  the  year  1885.  Out  of  this  material,  only  a  few  local 
faunas  have  been  jiublished  by  way  of  i)reliminary. 

We  may  here  remark  that  in  most  of  the  other  countries  of  Europe 
and  in  some  isolated  states  out  of  Europe,  it  has  been  resolved  in  prin- 
ciple to  join  the  above  mentioned  ettbrts,  and  some  observations  are  at 
hand  ready  for  i)rinting,  wiiile  in  others  the  way  has  been  prepare<i 
for  this  accession  only  by  a  few  calls  to  the  friends  of  the  birds. 

The  investigations  on  the  migration  of  birds  in  Great  Britain  Iiave, 
as  is  known,  taken  a  form  con^sonant  with  the  insular  character  of  tlitJ 
territory.  At  the  instance  of  the  British  Ornithologists'  Union  and  witu 
co-operation  of  the  British  Association  for  the  advancement  of  ScieiK't*' 
observations  were  commenced  at  most  of  the  British  lighthouses ao^ 
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[rht-8iiip8.  Yearly  notices  have  been  sent  in  from  100  or  150  of  these 
^tions  since  the  year  1879,  and  a  committee  named  by  the  association 
r.Cordeaux,  J.  A.  Harvie-Brown,  A.  l^ewton,  B.M.  liarrington,  A.  G. 
[ore,  W.  £agle  Clarke,  and  others)  has  looked  after  the  publication  of  in- 
ividual  observations  in  nine  '^  Reports  on  the  Migration''  (i87d-1887), 
» well  as  in  a  brief  report  which  has  been  made  annually  to  the  asso- 
ation. 

Already  in  1882  these  notices  proved  tiie  wonderful  constancy  with 
hick  the  birds  of  passage  year  after  year  follow  the  same  lines  or 
reat  i-outes  when  they  approach  or  abandon  the  British  coasts,  and 
lis  constancy  points  to  a  definite  law  governing  the  whole  phenome- 
)n.  Two  separate  migrations  may  be  distinguished:  the  great  periodi- 
i\  waves  which  sweep  from  the  breeding  places  in  the  far  northeast 
id  return;  and  further,  quite  independent  of  these,  a  constant  stream 
'  immigrants,  which  moves  from  the  continent  toward  the  south- 
kstem  and  eastern  coasts  of  England,  across  the  southern  part  of  the 
orth  Sea  in  the  direction  of  east  to  west  or  from  southeast  to  nortli- 
est.  On  the  other  hand,  the  west  coibsts,  and  especially  Ireland,  ai'e 
unparatively  seldom  visited  by  these  birds  of  passage. 
Nevertheless,  the  stream  of  migratioti  (1880)  does  not  strike  eijually 
I  points  on  the  east  coast  of  England,  but  a]>pears  constantly  to 
How  fixed  lines.  For  example,  the  Fame  islands  on  the  coast  of 
orthumberland,  as  also  the  mouth  of  the  river  Tee,  appear  ta  be  prin- 
pal  (Stations  for  the  passage  over  the  North  Sea;  likewise  certain 
irts  of  the  coasts  further  to  the  south.  To  the  north  of  Norfolk, 
le  migratory  birds  appear  to  penetrate  through  the  Wash  into  the 
iterior  of  lilngland  toward  Severn,  Brist(^l  Channel,  and  still  further 
estward. 

It  is  further  pointed  out  that  the  vertical  heiglit  at  which  the  tiights 
kke  plate  must  be  accurately  noted*,  and  that  the  light-ships  appear 
•yield  a  better  series  of  observations  than  the  light-houses.  It  was 
80  ascertained  that  only  certain  species  were  attracted  by  the  light, 
id  those  in  an  unequal  manner.  The  special  direction  and  force  of 
'©wind  (1887)  appears  to  exert  only  a  small  influence  on  the  great 
itumn  rushes;  but  the  direction  of  the  wind  which  ju'evails  during 
©  passage  in  general,  seems  to  play  a  more  impoi'tiint  part, — the 
section  of  the  journey  and  the  angle  of  the  r<mte  to  the  coast  being 
a  greait  extent  <lependent  upon  it. 

A  large  part  of  the  birds  of  passage  are  in  autumn  driven  far  out 
the  Atlantic  Ocean.     Observations  on  the  subject  are  noted  on  the 
>«t  frequented  lines  of  communication,  and  also  made  over  to  the 
'umittee. 

The  more  tlie  published  material  a<5cumulated,  the  more  desirable  it 
*med  to  utilize  the  whole  mass  in  forming  c4>nclusions.  This  was 
"eady  referred  to  in  the  report  for  the  year  1887.     It  was  further  pro- 

*  Compare  iiIho  on  this  Hiibject  Albarcla,  Ornift,  i,  pp.  592-5JU. 
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posed,  iu  the  year  1888,  that  the  collet'tin^  of  ob»ervatiou8  should  be 
stopped  temporarily,  that  the  immeuse  mass  of  facts  in  the  iiim*  re 
ports,  arranged  in  concise  form,  statisticaUy,  and  in  strictly  scientific 
manner,  might  be  treated  as  briefly  and  clearly  as  possible,  in  order 
to  attain  practical  scientific  results.  This  proposal  was  accepted  by 
the  British  Association  in  the  year  1888,  and  a  member  of  the  commit 
tee,  Mr.  W.  Eagle  Clarke,  charged  with  the  duty  of  directing  the  com 
prehensive  undertaking. 

The  British  example  exerted  a  deep  influence  on  the  Fii-st  Interna- 
tional Ornithological  Congress  in  the  year  1884.  Through  the  eftbrte 
of  the  authorities  of  the  permanent  ornithological  committee  of  tbe 
Congress,  the  wish  was  communicated  to  as  many  state  governments  as 
possible  that  the  passage  of  the  birds  mi^ht  be  observed  at  the  light- 
houses. The  authorities  of  these  institutions  are  also  charged  to  a4i 
vance  the  question  as  much  as  possible,  from  the  White  Sea  to  the  Cu 
pian.  The  light-liouse  officers  on  wide  tracts  of  the  coasts  of  Sonth 
Asia,  certain  x>arts  of  Africa,  Australia,  and  South  America  are  iu  the 
same  manner  called  upon  to  make  observations. 

As  yet,  however,  we  have  but  few  printe<l  reports  from  the  light 
houses,  except  firom  Great  Britain.  These  few  are  the  ones  above  men- 
tioned from  Denmark,  1886-'89,  and  two  reports  on  bird  life  at  the  Ger 
man  light-houses,  published  by  R.  Blasius  (Or«i«,  vi,  vii). 

In  Korth  America  the  investigations  relating  to  the  migration  of 
birds  have  assumed  quite  an  independent  form  and  reached  considera 
ble  dimensions. 

In  the  year  1882  Prof.  W.  W.  Cooke  took  the  initiative  with  a  sys^ 
tematic  observation  of  the  migration  of  birds,  at  first  in  the  State  of 
Iowa,  butlaterin  the  whole  Mississippi  Valley.  Thirteen  observerswere 
at  work  the  first  year  and  twenty-six  in  the  year  1883.  But  after  the 
American  Ornithologists'  Union  had  been  organized  in  September  of 
the  last-named  year,  it  appointed  a  committee  for  the  investigation  of 
the  geogi^aphical  distribution  of  the  birds  of  K'orth  America,  as  also 
another  for  the  investigation  of  the  migration  of  birds.  The  two  were 
however  consolidated  later  on.  By  the  co-operation  of  this  committee 
with  Prof.  Cooke,  the  investigations  were  continued  systematically  nn 
der  the  direction  of  Dr.  C.  H.  Merriam.  The  whole  territory  wasdi 
vided  into  fourteen,  later  sixteen,  districts,  each  under  a  superintend 
ent;  and  for  the  year  1884  thousands  of  question- sheets  and  instructions 
were  communicated  to  members  of  the  most  different  social  groups,  as 
well  as  to  all  light-houses  and  other  public  institutions. 

As  it  was  to  be  expected  that  the  homogeneous  territory  of  tlie 
Mississippi  Valley,  in  consequence  of  its  immense  extent  from  north 
to  south,  and  the  absence  of  mountain  range  or  great  lake«,  would 
afford  a  particularly  favorable  field  for  the  investigation  of  migr» 
tion,  the  observations  coming  from  there  for  1884  o-nd  1885  weW 
taken  in  special  charj^^c  by  Prof.  Cooke. 
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111  the  meantime,  the  observations  coUected  had  reached  such  a 
[uantity  that  it  did  not  ^eem  judicious  to  expect  the  Union  alone  to 
elaborate  the  material.  At  its  instance,  a  8pe<;ial  Division  of  Eco- 
loniic  Ornithology  was  established  by  the  Congress  of  the  United 
States  in  the  Department  of  Agriculture,  at  first  under  the  Division 
>f  Entomology,  and  with  an  annual  subsidy  of  $5,000.  Since  the 
iessLT  1886  it  has  operated  as  a  separate  Division  of  Economic  Orni- 
thology and  Mammalogy,  with  an  annual  appropriation  of  $10,000. 
Ecooomically  supported  in  this  manner,  and  under  direction  of  Dr. 
C.  H.  Merriam,  the  prosperity  of  the  institution  is  assured. 

luthe  year  1888  the  Division  issued  a  most  excellent  publication 
on  the  migration  of  birds:  Eeport  on  Bird  Migration  in  the  Missis- 
sippi Valley  in  the  years  1884  and  1885,  by  W.  W.  Cooke.  In  this 
work  are  submitted  the  data  which  170  observers  collected  respecting 
560  si)ecie8  of  birds.  The  author  also  shows  his  method  of  investi- 
gjvtiug  the  relations  of  the  phenomenon  of  migration  to  the  prevailing 
meteorological  phenomena,  by  which  method  he  has  extensively 
utilized  the  synoptically  grouped  observations  of  the  meteorological 
stiitions  existing  in  the  territory 

,  The  old  exj)erience  that  weather  exerts  an  important  influence  on 
migration  was  now  definitely  confirmed.  Prof.  Cooke  proved  that  the 
atmospheric  centers  of  depression,  moving  from  west  to  east  in  the  spiring, 
according  to  the  lawsof  meteorology,  and  which  are  characterized  by  cor- 
tesponding  phenomena  of  wind  and  temperature,  produce  in  every  re- 
gion changing  relations  of  temperature,  namely,  alternate  warm  and 
cold  periods,  which  changes  are  accompanied  by  definite  migration 
phenomena.  A  "warm  wave''  in  the  atmosphere  of  the  region  in 
^luestiou  is  also  a  necessary  condition  for  the  beginning  of  a  "bird 
^ave,"  "migration  wave,"  whose  ftirther  progress  is  checked  by  the 
occurrence  of  a  cold  period  until  a  new  warm  wave  again  pushes  it 
forward  and  gives  rise  to  others. 

Prof.  Cooke  specifies  the  time  of  these  waves  for  the  period  chosen 

(18^)  and  for  the  territory  in  question.     He  expressly  states  that  his 

investigation,  on  a<5count  of  certain  circumstances,  is  not  a  complete 

one,  and  that  such  a  series  of  observations  must  be  well  prepared,  and 

^^ied  out  besides  under  favorable  conditions.    "  Under  such  adverse 

^nditions  no  attempt  would  have  been  made  to  study  the  bird  waves 

^6re  it  not  for  the  extreme  importjince  of  the  subject.     It  is  during  the 

^%hts  of  bird  waves  that  the  bulk  of  migration  takes  place.    To  study 

migration  successfully  it  must  be  studied  when  most  active.      More- 

^^er,  it  is  on  bird  waves  that  the  action  of  the  weather  is  most  appar- 

^^t;  hence  these  waves  furnish  the  readiest  means  of  studying  the  re- 

^^tion  between  meteorology  and  migration.    Tlie  greatest  drawbjick  is 

^^t  with  in  the  difficulty  of  accurately  observing  and  reporting  bird 

^^ves.    It  is  by  far  the  hardest  part  of  the  field  work  in  the  study  of 

'Migration,  and  re<|uir<»s  more  time  and  more  constant  presence  in  the 

^^Id  than  most  observers  can  give.'' 
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It  is  further  pointed  out  by  Prof.  Cooke  that  the  expression  "bird 
wave''  may  be  taken  in  a  double  sense,  aiid  consequently  answers  to 
two  methods  of  investigation.  First,  a  bird  wave  comprises  a  very 
large  number  of  individuals  of  one  or  of  several  species,  which  extend 
at  one  time  over  a  certain  territory.  In  studying  such  a  wave  it  is 
necessary  to  determine  the  species  of  which  the  moving  mass  is  com 
posed  and  the  bounds  of  the  territory  over  which  the  wave  extends. 
Second,  certain  species  of  birds  which  are  proved  to  move  in  company 
on  the  same  day  may  also  be  regarded  as  a  wave,  whose  progress  from 
day  to  day  and  from  week  to  week  must  be  accurately  observed. 

By  a  critical  study  of  these  points  of  view  and  by  a  conscientioos 
use  of  the  meteorological  and  ornithological  observations  which  em- 
brace a  precise  time  and  a  precise  region,  the  rapidity  of  the  migra- 
tion, on  which  so  much  has  heretofore  been  written,  can  be  calculated. 
Only  by  attentive  observation  and  multifai^ious  labor  can  the  migration 
be  followed  until  the  moving  flocks  have  reached  their  restiug  places. 

It  is  evident  that  Prof.  Cooke's  investigation  of  migration  over  a  long 
continuous  route,  apart  from  all  unavoidable  shortcomings,  must  be 
particularly  adapted  to  elucidate  migration  with  respect  to  its  course 
and  its  outward  conditions;  and  that  it  is  very  desirable  that  similar 
investigations  may  henceforth  be  undertaken  in  suitable  i-egions. 

This  course  is  opposed  however  by  the  difficulty  of  finding  a  suffi 
cient  number  of  capable  observers.  Prof.  Cooke  has  been  able  to  rely 
in  essential  degree  upon  one  conscientious  and  expert  observer,  >lr. 
O.  Widmann,  of  St.  Louis,  whose  methodically  arranged  notices  lie 
submits  in  his  work.  In  this  connection  the  writer  will  only  quote  the 
words  of  a  competent  judge: 

"A  dozen  observers  like  Mr.  Widmann,  scattered  at  proper  intervals, 
would  give  a  fairer  basis  for  generalizations  than  hundreds  of  obseners 
of  the  grade  on  whom  Prof.  Cooke  was  obliged  to  depend  for  many 
of  his  data.  This  should  stimulate  the  more  experienced  and  well 
qualified  field  ornithologists  to  contribute  to  the  fullest  degree  i)08sible 
to  the  furtherance  of  this  important  investigation. — .1.  A.  Allen,  Tk 
Auk,  1889,  VI,  p.  6;." 

The  continued  meteorological  phenomena  were  rendered  in  the  usual 
manner  by  synoptical  maps,  which  alone  nuide  a  view  possible,  and  es 
sentially  facilitated  the  study  of  the  influence  of  weather  on  the  migra- 
tion of  birds.  It  may  not  therefore  be  injudicious  to  here  refer  to  au 
attempt  to  represent  graphically  the  migration  of  birds  and  tlie  com 
position  of  the  avifauna,  changing  with  the  season,  as  Mr.  W.  Stone 
has  proposed  (Ai/Ar,  vi,  p.  139). 

Besides  this  material  of  observations,  made  chiefly  with  a  view  to 
explaining  the  problem  of  bird  migration,  numerous  faunal  works 
have  appeared — minor  local  catalogues,  and  com pi'eheusive  works  on 
the  birds  of  larger  definite^  geographical  areas,  prepared  with  con 
scientiousness  and  intimate  knowledge.  No  one  perhaps  can  valn^ 
these  avifaunal  works  more  highly  than  the  writer,  with  regard  to  tbeir 
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uportaiicc  for  the  determiuatiou  of  the  ini^Tation  rout^K.  Exteiual 
ircnm stances  forbid  us  to  notice  all  these  works  here,  although  they 
lay  be  worth  it,  like  those  of  Radde,  Pleske,  Olph-Galliard,  Oustalet, 
Iresser,  and  others,  and  notwithstanding  they  contain  many  single  re- 
alts,  many  valuable  thoughts  on  bird  nugration. 

On  the  other  hand,  it  seems  proper  to  here  call  attention  to  some 
pecial  investigations  on  bird  migration  in  certain  regions,  founded  on 
vifaunal  material. 

Some  places  have  long  been  known  in  the  western  portion  of  our 
outinent  where  migrating  birds  collect  in  crowds  because  obstacles 
itnated  on  the  side,  like  seas,  allow  a  passage  here  only;  or,  like 
loantain  regions,  only  here  leave  the  door  open.  Such  highways  have 
een  examined  farther  eastward  in  regions  which  are  important  for  the 
ligration  between  great  districts. 

From  his  comprehensive  observations  in  the  years  1857-'79  in  the 
LralThian-Shan  region,  N.  Severtzow  has  given  us  (BulL  des  Nat.  Moh- 
wcj  1880,)  a  very  brief  view  of  the  highways  where  the  greatest 
lumbers  of  birds  of  passage  congregate,  lie  designates  cartograph- 
cally  three  groups  of  such  routes:  A,  through  the  Kirgheez  steppes, 
rom  the  river  l^ral  to  the  Sir,  chaiacterized  by  the  enormous  number 
rf  merely  passing  birds;  B,  along  the  western  border  of  the  Thian- 
5han  mountains,  distinguished  by  a  tolerably  large  migration,  and  by 
he  circumstance  that  the  native  summer  birds  give  way  to  winter 
^ests;  and  C,  through  the  interior  portions  of  the  range  mentioned, 
cnown  chiefly  by  the  annual  change  of  species  Just  alluded  to.  The 
Entering  on  the  routes  B  and  C  is  owing  to  the  warm  springs  existing 
:here. 

Severtzow  mentions  further  the  connection  of  the  routes  named 
^th  the  known  migration  routes  along  the  Irtish  and  the  Ob  on  the 
>De  side;  on  the  other  with  their  presumptive  continuations  in  Persia, 
Afghanistan,  Punjab,  and  in  the  region  of  the  Indus.  He  designates 
'he  Altai  as  a  region  whence  the  migration  routes  diverge:  in  the 
^uthwest  toward  Kussian  Turkestan;  in  the  south  towards  the  des- 
*Jt;  and  in  the  southeast  towards  China.  The  movement  of  the  birds 
>f  passage  in  a  vertical  direction  from  the  highland  of  Thian-Shan 
Mid  Pameer  towards  the  low  grounds  is  also  suggested  by  him. 

Referring  to  the  details  to  be  specified  later,  Severtzow  here  com- 
municates some  general  points  of  view  (pp.  282-284).  The  course  of 
he  steppe  routes  depends  on  the  existence  and  situation  of  the  waters 
Q  them.  On  the  other  hand,  the  general  extent  of  the  lofty  Thian- 
>iian  range  compels  the  flocks  moving  at  a  short  distance  from  it  to 
>Dow  a  general  direction  from  east  northeast  to  west  southwest; 
ierefore,  great  masses  of  birds  of  passage  are  pressed  together  on 
ie  western  border  of  the  range  (Tschemkend-Tashkend),  while  these 
tees  can  spread  out  again  to  the  northward,  as  also  to  the  south- 
4rd. 
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"This  divergoiu'c  toward  tlie  iiortli  (luon'  or  less  considerable)  de- 
pends essentially  upon  the  fact  that  each  species  ha«  it«  particular 
routes,  the  direction  of  which  is  modified  according  to  the  natni-e  of 
the  localities  which  suit  this  species,  and  which  it  «eeks  also  daring  its 
migrations,  at  least  for  stopping  places 5  and  for  this  reiison  the  migra- 
tion routes  even  of  a  single  species,  starting  from  different  parts  of 
the  region  which  it  inhabits  in  summer,  are  not  parallel,  but  for  many 
species  convergent  towards  the  south,  for  many  others  divergent 
This  applies  much  more  forcibly  to  the  routes  of  a  number  of  species 
which,  in  the  season  of  migration,  concentrate  in  some  locality  par- 
ticularly abundant  in  birds  of  passage." 

The  author  therefore  categorically  maintains  that  the  individual 
species,  according  to  their  peculiarities,  are  dependent  on  the  topo- 
graphical relations  of  the  territory  through  which  they  migrate,  and 
that  the  routes  of  each  species  accordingly  assume  a  particular 
ge/Ographical  form. 

In  the  same  spirit  Prof.  Menzbier  also  reports  (1886,  Bull  80c, 
l^at.  Moscow)  on  the  results  of  his  investigations  on  the  migration 
ix)ute8  of  the  birds  in  European  Eussia.  He  unconditionally  joins 
those  inquirers  who  maintain  that  e^ach  species  moves  along  peculiar, 
strongly  marked  routes,  because  during  the  migration  they  are  de- 
pendent upon  the  condition  of  the  country  through  which  they  happen 
to  be  passing.  He  agrees  in  dividing  the  routes  according  to  their 
topographical  character  into  categories,  which,  however,  are  compli 
cated  by  transitions. 

He  also  lays  stress  upon  the  fact  (pp.  333,  351)  that  the  relations  of 
the  ground  and  the  conditions  of  procuring  food  do  not  always  suflSc* 
to  explain  the  situation  of  these  routes;  but  that  the  routes  mark 
fairly  well  the  ways  along  which  a  species  has  once  migrated,  and 
that  about  the  same  ways  are  still  utilized  as  a  result  of  inherited 
tendency.  (Compare  on  this  subject  the  writer's  Zugstr,^  cap.  x,  as 
also  Weismann.) 

Menzbier  furthermore  refers  (p.  354)  to  the  importance  of  the  spring 
stragglers  (compare  Palmen,  Zu^fstr.^  ix,  p.  238  nt  9eq.\  which  luider 
favorable  circumstanct^s  may  remain  in  a  region  where  they  have  ar 
rived  by  chance,  and,  nesting  there,  may  change  the  bird  fauna  in  a 
characteristic  manner.  Finally  the  author  discusses  the  order  of 
migration  of  the  individuals,  and  appears  to  favor  the  belief  that  they 
change  their  relative  i>o8ition8  (Voriiberzug).  In  conclusion,  he  de- 
clares that  migration  routes  in  the  course  of  time,  in  consequence  of 
geological  changes  in  the  topography,  may  pass  from  the  c^ompass  of 
one  group  into  that  of  another. 

To  these  results,  which  agree  with  those  of  the  writer,  Prof.  Menzbier 
adds  corrections  of  some  of  my  statements  and  conclusions,  which  are 
worthy  of  acknowledgment.  The  conclusions  reached  in  the  years 
1874-76  respecting  the  migration  routes  were  founded  on  facts  whicb 
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certainly  suffice  iu  a  ineii^iiru  for  the  westeiii  and  central  |K>i'tion.s  ut' 
Europe,  but  not  for  European  and  Asiatic  Eussia.  The  more  abundant 
material  of  observations  now  available  from  the  latter  continental  dis- 
tricts shows  that  fTie  conclusions  based  mainly  on  the  oro-hydrographic 
conditions  in  the  West  do  not  fully  answer  for  the  more  eastern  parts 
of  the  palsearctic  region,  where  the  ground  takes  another  form.  Many 
species  of  birds  (for  example,  HcematapuH^  StrepsilaSj  Totanu^  calidris^ 
lAmosa  rufa^  Phalaerocorax  carbo),  which  in  western  Europe  migrate 
along  the  seashore,  breed  and  migrate  also  in  the  interior  of  continental 
Bussia,  along  rivers,  salt  lakes,  and  on  the  steppes.  Harelda  glacialis 
moves  regularly  along  the  Kama  and  the  Volga,  as  well  as  behind  the 
Ural,  along  the  lakes — is  even  said  to  nest  here — and  winters  on  the 
Gespian  Sea.  These  birds  belong,  therefore,  in  the  East,  to  the  group 
nuhmarino  fiuvio-  lacvstres. 

Accordingly,  Prof.  Menzbier  distributes  the  birds  of  passage  in  some- 
what different  manner.  He  thinks  that  glacial  littoral  routes  do  not 
exist,*  and  groups  the  accepted  routes  also  in  another  manner  in  the 
difierent  categories.  The  following  table  shows  the  respective  arrange- 
ments of  the  last-named  writers: 

A.  Viof  (aves)  mufr,  aqr, 

I.  pelagieo'. 
II.  liforalen.  1.    Vuf  {areti)  mnritKr  lifnrnfru, 

a.  glaclaleH-lit. 

h.  pelaffivfF'Ht.  a.  pelagicw-lH. 

c.  marinn''lit,  h.  marintr-lit. 

2.    Viw  (ares)  conthtentalts  and  BHhmarinop 
litoraU'S. 
c.  8ubmarin(e~Ut, 

SHbm.-ftnmO'htCMStrrM, 

I  /.  fluHo'HUtrnlvH. 

III.  Palwitrt^j  //.  pulHutvvH. 

B.  Vi(r  {ave9)  migr.  terrentrva. 

IV.  VarioiiH  gronpsnot  diatinpiJished.  A.  nyntinnttalvM. 

After  Prof.  Menzbier  has  in  this  way  considered  and  grouped  his  mi- 
gration routes  from  the  standpoint  of  their  peculiar  topographical  char- 
acter, he  dicusses  them  with  regard  to  their  geographical  position. 
The  author  designates  on  two  maps  the  routes  of  European  Eussia 
found  by  him,  basing  his  work  on  his  considerably  greater  material 
from  that  country — greater  because  new  observations  were  at  his  dis- 
X)o.Hal,  and  above  all  because  he  has  brought  more  southern  species 
also  within  the  scope  of  his  investigation. 

The  question  therefore  is  less  about  routes  of  individual  species,  for 
the  author  himself  says  (p.  320)  he  has  paid  little  attention  to  such. 


d,  HubmarinfP'lH. 


Id. 


Hift  rejjort  of  my  division  of  the  <*:itegory  *'n>  pelagic€v^'  (p.  (>)  i«  not  mrrort. 
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tliini  about  routes  of  comnuiuicatioii  (highways),  which  lea«i  c^jrtain 
groups  of  migratory  Inrds  from  their  habitats  in  Euro]>eaii  Russia  U 
their  winter  stations.  This  already  appears  from  the  names  of  tli 
routes:  Via  norwefficoy  Via  hnltica^  Via  pantica^  Via  C4i^ca.  The^ 
all  follow,  at  least  partially,  greater  bodies  of  water,  but  receive  tlie 
supplies  also  from  the  interior  of  the  country.  All  the  ways  on  the  fir 
map  correspond  more  or  less  directly  to  the  routes  which  are  settl( 
upon  in  the  writer's  work. 

On  the  other  hand,  Prof.  Menzbier's  representation  contains  entire 
new  assertions  about  the  continental  routes  (map  2).  According 
the  writer's  method — but  without  giving  fully  the  material  of  obsen 
tion,  which  is  now  indispensably  necessary — he  has  studied  the  ha 
tats  of  13  eastern  species  of  birds  with  reference  to  their  geograi 
ical  distribution,  and  finds  this  explicable  only  by  the  assumption 
certain  migration  routes,  which  he  designates  upon  the  map  withe 
claiming  to  have  thereby  exhausted  the  question  (p.  349).  Inthote: 
he  completes  their  (continuation  towards  the  east.  The  rout.es  are  p 
vided  with  names  in  the  same  sense  as  those  before  mentioned: 
Via  sihiriea  begins  in  the  northern  half  of  European  Bussia  and  pasf 
in  an  easterly  direction  through  the  Siberian  plains,  on  one  side  tot 
sources  of  the  Ob  and  Irtish,  on  the  other  side  to  Lake  Baikal,  alo 
the  northern  slope  of  the  Ekta- Altai,  out  of  Dauria  in  a  straight  dir 
tion  towards  Urga,  and  through  Gobi  to  the  Ala-Shan.  A  branch  g( 
besides  to  the  Kuku-nor.  Individuals  for  example  of  Emheriza  auret 
from  European  Bussia  might  winter  in  southern  China,  and  those  fr< 
southeastern  Siberia  might  pass  through  southern  China  to  winter 
East  India.  (2)  Via  turkestanica  also  leads  from  the  northern  half 
European  Bussia  and  from  western  Siberia,  but  towards  the  southea 
between  the  Caspian  Sea  and  the  Thian-Shan  (therefore  in  part  S< 
ertzow's  highways),  to  the  winter  quarters  in  northwestern  andcenti 
India.  (3)  Via  transcaspia^  (partly  coinciding  with  V.  ca^a),  leads 
winter  quarters  on  the  southern  side  of  the  Caspian  Sea  and  the  stepj 
lying  to  the  east  of  it,  as  well  as  probably  to  the  upper  Oxus  a: 
the  sources  of  the  Indus.  In  eastern  Asia  this  way  might  in  part  ( 
incide  with  the  Via  sibirica.  (4)  Via  anatoliea  leads  out  of  the  Kirghf 
and  Calmuck  steppes  to  the  Black  Sea,  through  the  Bosphorus  to  A^ 
Minor,  Syria,  Palestine,  and  northern  Arabia. 

As  a  matter  of  course.  Prof.  Menzbier  has  founded  these  assertio 
on  the  material  which  was  at  his  disposal.  The  facts  themselves  w© 
however,  as  before  stated,  not  laid  before  the  reader  in  detail,  but 
short  abstracts,  accordingly  all  his  conclusions  relating  to  the  jw 
tion  and  the  ramifications  of  these  routes  are  withdrawn  from  all  (•( 
trol,  and  from  any  improvement  in  consequence  of  newly  discover 
facts.  It  is  therefore  quite  impossible  for  the  writer  to  Judge  scit 
tifically  these  routes  of  Prof.  Menzbier.  Only  personal  opinions,  form 
according  to  analogies,  can  be  entertained  on  this  subject;  audi 
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writer  will  by  no  lueaii^  pass  oft'  his  obj(»ctioiis  as  critically  weighed 
refutations. 

These  continental  ways  appeal*  to  me  iu  a  jrreat  part  very  doubtful. 

The  routes  from  west  to  east  especially  are  of  an  enormous  length, 

like  that  from  the  Dwiua  to  South  Giiina,  lead  entirely  through  the 

interior  of  a  continent,  without  the  guidence  of  a  homogeneous  well 

characterized  conformation  of  soil,  and  touch  alternately  great  forest, 

desert,  and  mountain  regions.    It  is  difficult  to  conceive  how  birds  of 

passage  could  find  their  way  on  this  route.    It  seems  much  more  prob- 

able  that  we  know  too  little  just  now  about  the  occurrence  of  the  species 

examined,  some  of  which  are  difficult  to  distiuguish,  and  that  their 

winter  stations  are  eventually  to  be  sought  much  nearer,  at  the  most 

in  the  regions  whither  Severtzow's  routes  lead.    In  the  meantirtie,  I 

will  not  venture  upon  a  scientific  judgment  in  this  respect  until  the 

author  submits  the  facts  on  which  his  opinions  are  based. 

After  this  short  statement  of  the  development  of  the  question  of  the 
migration  of  birds,  the  writer  takes  the  liberty  to  cast  a  retrospective 
view  upon  it.  In  the  study  of  the  migration  of  birds,  two  kinds  of 
material  for  investigation  present  themselves — the  avi-phenological  and 
the  avi-faunal  observations.  Since  the  first-named  were  collected  for 
this  very  purpose,  it  was  at  first  thought  that  the  investigation  should 
be  commenced  on  this  side.  The  avi-phenological  material  explains 
the  times  of  migration,  and  from  these  results  an  attempt  was  made  to 
infer  the  directions  of  the  migration.  Nevertheless  these  results  ap- 
peared too  inexact  to  serve  as  a  starting  point  for  further  investiga- 
tions. An  attempt  was  therefore  made  to  take  the  opposite  course, 
first  to  fix  the  migration  routes  from  the  avi-faunal  material,  and  after- 
ward to  employ  the  method  just  mentioned  with  regard  to  the  times  of 
inigration. 

An  attempt  to  fix  geographically  the  routes  of  some  species  of  birds 
proved  that  the  question  could  be  advanced  in  this  way.  The  need 
^ormore  abundant  material  now  made  itself  felt,  and  new  observations 
were  zealously  collected  year  after  year  in  different  countries. 

It  must  be  conceded  that  at  present  very  considerable  energy  is: 
devoted  to  the  investigation  of  the  distribution  of  birds  and  of  the* 
^rets  of  their  migration.  The  annual  reports,  which  contain  obser- 
^'ations  from  numerous  stations,  are  multiplying.  This  gratifying 
•Dcrease  in  the  material  of  facts  which  are  to  extend  and  deepen  our 
knowledge  of  migration,  is  characteristic  of  the  ornithological  inquiry 
of  the  past  years.  It  is  to  be  desired  that  these  efibrts  may  continue 
and  may  be  further  completed,  and  that  in  consequence  the  quantity 
of  material  shall  go  on  increasing.  Nevertheless  the  condition  of  af- 
&irs  may  also  examined  and  judged  from  another  side. 

In  such  investigations  the  quantity  of  observations  will  certainly^ 
not  alone  decide  the  question.  The  material  is  also  to  be  treated 
scientifically.    The  inner  connection  of  the  facts  and  their  fitness  to> 
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tbriii  a  ba^is  for  (Miurlusions  must  be  tested,  in  order  that  we  may  judge 
whether  the  method  adopted  is  adequate  or  whether  it  can  be  com- 
pleted iu  any  way. 

It  seems  Iiigh  time  to  consider  the  matter  from  this  poiot  of  view 
also^  if  the  scientific  character  of  the  investigation,  and  with  it  its  par 
pose  also,  is  not  to  be  laid  at  stake. 

That  this  conception  is  shared  by  others  we  know  from  the  fact  tbat 
the  result  of  nine  years  of  British  observations  is  now  subjected  to 
scientific  treatment  whose  results  will  sui*ely  advance  our  question; 
farther,  from  the  fact  that  in  North  America^  in  a  region  where  the 
conditions  of  the  ground  offer  only  small  difficulties  to  the  judgment  of 
the  direction  of  migration,  an  investigation  of  the  time  of  migration 
and  of  the  relation  of  the  migration  to  the  meteorological  conditions 
has  been  underuaken^  which  has  disclosed  new  points  of  view.  The 
systematic  observation  of  bird  migration  along  certain  lines,  started  in 
Hungary  in  the  year  1890,  and  a  statement  of  which  is  expected  on 
occasion  of  the  Second  International  Ornithological  Congress  in  Buda- 
Pesth,  also  attbrds  proof  that  we  are  not  now  satisfied  witli  mere  obser 
Vtations  alone,  but  want  these  used  scientifically,  aud  that  hereby  new 
demands  will  surely  be  made  of  the  observation  in  future. 

Because  therefore  at  present  the  existence  of  geographically  fixed 
routes  for  the  individual  species  is  becoming  more  and  more  acknowl- 
edged, and  these  are  to  be  determined  from  the  material  at  hand,  it 
seems  timely  to  discuss  the  question  according  to  the  method  to  be 
employed. 

Two  different  methods  seem  to  present  themselves,  both  of  which 
have  their  advantages  and  disadvantages  :  (1)  The  migration  routes 
of  all  the  species  of  a  certain  district  are  examined  by  the  investi- 
gators of  that  district  and  reproduced  cartographically :  (2)  One  species 
for  itself  is  examined  monographically  in  the  largest  possible  geographi- 
cal area  and  reproduced  cartographically. 

The  first  method  offers  many  advantages.    The  workers  concerned 
are  masters  of  the  language  of  the  district,  and  the  entire  local  litera- 
ture is  accessible  to  them,  even  to  the  most  insignificant  writings. 
They  can  judge  of  the  reliability  of  the  observers  at  each  station,  exer- 
cise a  final  control,  and  complete  certain  ]K)int8  by  correspondence. 
At  all  events  the  native  inquirers  will  thus  be  able  to  more  completely 
group  all  the  facts  from  a  given  country,  as  well  as  to  watch  over  them 
critically.   In  the  second  case  the  monographer  can  study  more  closely  the 
species  treated  by  him,  then  special  variations,  their  nature,  as  well  as 
also  the  specific  i)eeuliarities  of  their  flight.    He  will  perceive  more  read- 
ily the  difference  in  the  flight  during  the  successive  sections  of  the 
route,  or  on  different  routes;  in  short,  the  route  as  a  whole  canl)e 
judged  in  a  more  exhaustive  manner. 

In  the  first  method  the  following  disadvantage  becomes  apparent: 
that  in  every  country,  unless  it  is  a  very  large  country,  we  get  only 
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Si^ieuts  of  migration  routes,  whicU  perhaps  can  not  tn*  brought  into 
utiuuity  with  those  of  the  neighboring  regions.  On  the  other  hand, 
fficnlties  will  arise  in  the  second  case  regarding  the  use  of  the  literary 
urces  of  information.  It  would  seem  therefore  the  most  practical,  if 
'  a  combination  of  the  two  methods  the  advantage  of  each  could  be 
pt  in  view. 

In  a  practical  view,  it  would  be  advantageous  if  in  every  country 
I  accessible  data  on  the  occurence  of  all  the  species  met  with  in  the 
gion  should  be  brought  together  into  a  national  avifauna,  in  which 
tails  also  could  be  accurately  specified  in  concise  form.  Although 
e  writer  by  no  means  under-rates  the  importance  of  such  a  work  to 
e  population  of  the  country  itself,  yet  attention  must  be  called  to  the 
neral  advantage  which  science  might  derive  from  the  translation  of 
ch  a  work  into  other  modern  languages.  As  a  model  work  of  this 
nd,  I  take  the  liberty  to  name  Pleske's  Ornithographia  Rosawa, 
It  would  also  be  very  much  to  the  purpose  if  at  the  same  tim«  the 
kbitat  of  the  individual  species  could  be  indicated  cartographically, 

has  already  been  done  in  Germany  and  Switzerland.  By  such  work 
e  investigation  of  migration  routes  would  be  greatly  facilitated.  The 
9re  complete  the  material  athatld,  the  more  suitable  appears  the  method 

determining  the  route  of  each  species  for  itself.  At  least  the  writer 
>uld  unconditionally  give  the  preference  to  this  method. 
Finally  we  come  to  the  question  of  the  distribution  of  the  work.  The 
riter  takes  the  liberty  to  urge  once  more  that  a  choice  be  made  of 
ecies  to  be  investigated,  because  at  present  we  are  still  at  the  thresh- 
i  of  the  investigation,  and  it  seems  advantageous  to  first  take  up 
e  less  difficult  species.  Among  all  the  categories  of  birds  of  passage, 
e  littoral  without  doubt  move  along  the  routes  easiest  to  be  deter- 
ined.  Among  the  continental,  on  the  other  hand,  those  which  avoid 
gh  mountains,  like  the  swallows  and  their  (»ongeners,  might  be  easier 

study. 

One  more  division  of  work  appears  to  me  advisable.  Since  every  in- 
lirer  is  specially  interested  in  the  species  of  his  own  country,  it  might 
)  suitable  for  the  northerners  to  investigate  their  si)ecie8  with  regard 
all  their  migi*ation  routes,  the  southerners  in  like  manner  theirs;  fur- 
er,  that  the  eastern  species  of  the  pala^arcti<!  region  should  be  taken 
)  by  thase  who  are  masters  of  the  literature  relating  to  them.  That 
e  chief  interest  of  the  Americans  is  directe<l  towards  their  own 
^ecies,  they  have  already  proved  by  the  fact. 

In  ascertaining  the  migration  routes  of  a  species,  it  would  be  indis- 
nsably  necessary  to  record  all  facts  which  contributed  to  the  result; 
en  only  can  the  conclusion  drawn  from  such  premises,  the  migration 
ute,  claim  real  validity.  The  cart^)graphic  representation  of  the  ma- 
rial,  when  at  all  possible,  is  highly  to  be  recommended. 
A  model  procedure  for  the  investigation  of  the  individual  species 
n  not  be  prescribed.   It  is  rather  to  be  expected  that  oa<*Ji  inquirer  will 
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loarn  something  from  the  piju'tical  methmls  of  the  others.     The  manner 
of  representation  will  then  develop  of  its  own  accord. 

In  conclusion,  it  is  hardly  necessary  to  call  attention  to  the  fact  that 
a  very  inviting  field  of  inquiry,  in  the  same  direction  as  that  entered 
upon  by  Prof.  Oooke  in  America,  is  open  to  those  ornithologists  who 
are  sufficiently  versed  in  practical  meti^orology.  It  is  however  to  be 
foreseen  that  the  phenomenon  will  be  much  more  c^>mplicat^  iu  Eu- 
rope, and  that  for  this  reason  the  investigation  is  to  be  commenced  with 
those  species  whose  routies  have  already  been  fixed  geographicj^y  with 
some  degree  of  certainty. 


I 
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EPT  Fluvio-littoral,  Birds  in  Europe;  in  Ueber  oi£  ZuasTHAssEN  c 
lEL,  Leipzis,  1876. 


THE  EMPIRE  OF  THE  AIR  : 
AN  ORNITHOLOGICAL  ESSAY  ON  THE  FLIGHT  OF  BIRDS.  * 


By  L.  P.  MOUILLARD. 


INTBODUCTION. 

If  there  be  a  domineering,  tyrant  thought,  it  is  the  conception  that 
the  problem  of  flight  may  be  solved  by  man.  When  once  this  idea 
has  invaded  the  brain,  it  possesses  it  exclusively.  It  is  then  a  haunt- 
ing thought,  a  walking  nightmare,  impossible  to  cast  off. 

If  now  we  consider  the  pitying  contempt  with  which  such  a  line  of 
research  is  appreciated,  we  may  somewhat  conceive  the  unhappy  lot 
of  the  poor  investigator  whose  soul  is  thus  possessed. 

Many  of  these  searc^hers,  either  through  pride  or  through  timidity, 
have  withdrawn  themselves  firom  human  intercourse,  and  have  found 
themselves  paralyzed  by  attempting  to  carry  on  their  experiments  in 
secret.  They  quickly  found  themselves  so  cavalierly  classed  as  dream- 
ers or  as  lunatics  that  they  were  compelled,  under  pains  of  complete 
discredit,  to  conceal  from  others  this  so-considered  flaw  in  their  intellect. 

It  must  however  be  acknowledged  that  this  persecution  has  much 
diminished  during  the  past  decade.  We  are  no  longer  classed  with 
the  seekers  for  the  quadrature  of  the  circle,  or  for  perpetual  motiou. 
There  has  been  progress  since  Charles,  Janssen,  Quatrefages,  and 
other  recognized  scientific  authorities,  have  been  bold  enough  to  affirm 
that  they  believed  that  the  problem  cau  be  solved.  We  no  longer  risk 
the  lunatic  asylum,  but  the  general  public  still  considers  us  as  mentally 
unsound. 

The  public  understanding,  moved  by  the  assertions  of  some  scientists, 
has  ma<le  some  progress.  There  were  two  roatls  to  possible  success, 
the  one  broad,  beautiful,  smooth,  and  bordered  with  flowers,  but  after 
all  leading  to  no  result;  it  was  that  of  iierostation,  of  balloons  lighter 
than  the  air.  The  other  way  was  contrarywise,  a  rough,  narrow, 
rugged  path,  bristling  with  difliculties,  but  still  leading  to  something; 
it  was  that  of*  aviation,  of  rapid  transit  by  machines  heavier  than  the 
air.  Most  of  would-be  inventors  have  taken  the  easy  road,  and  from 
the  height  they  have  gained,  pityingly  look  down  n])on  the  unfortunate 

'Extracted  and  translated  from  a  workeiititltMl  ^'L'KiupirederAir;  Easaid'Orni* 

thologie  appnqu^o  a  rAviution/'    Octavo*  pp.  2S4.    Paris,  1881. 
--  j^^ 
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I  Im 
aviators  still  llounderiug  in  the  quagmire,  with  little  thought  tlmt 

they  may  have  to  come  down  to  this  same  quagmire  in  order  to  get 

somewhere. 

O!  blind  humanity !  open  thine  eyes  and  thou  shalt  see  milliouBof 
birds  and  myriads  of  insects  cleaving  the  atmosphere.  All  these 
creatures  are  whirling  through  the  air  without  the  slightest  float; 
many  of  them  are  gliding  therein,  without  losing  height,  hour  after 
hour,  on  pulseless  wings  without  fatigue;  and  after  beholding  this 
demonstration  given  by  the  source  of  all  knowledge,  thou  wilt  acknowl 
edge  that  Aviation  is  the  path  to  be  followed. 

It  is  therefore  apparatus  ''heavier  than  the  air"  which  I  propose  t<i      _  ,^ 
study;  and  I  mean  to  grasp  the  monster  by  the  horns.    I  expect  to 
have  as  a  guide  and  as  a  support  that  potent  creator  of  all  prodigievS      I  ^  |^ 
Nature  herself.  J.^^ ^ 

She  has  wholly  ignored  the  prhiciple  of  ''lighter  than  the  ah"  in 
designing  her  creatures,  and  all  her  flying  animals  are  heavier,  much 
heavier,  than  the  air  which  they  displace.    We  can  not  err  if  we  faith      I  ^, 
fully  follow  her  teachings.  luiii 

There  are  two  methods  of  investigating  such  an  arduous  problem;  1^-^ 
one  may  be  termed  the  "closet^  and  the  other  the  "open  air^  method.  Wjrz 
The  first  calls  in  the  aid  of  mathematics,  it  ai>plies  them  to  some  few  Mvr 
observations,  more  or  less  defective  or  iiTclevant,  and  relying  upot^  ^u 
this  fragile  foundation,  it  expresses  by  a  goodly  show  of  equations  al^ 
that  the  observations  teach — and  generally  a  good  deal  more. 

Mathematics  are  doubtless  useful,  but  they  are  less  indsipensibE^ 
than  is  generally  believed  towards  the  solution  of  this  difficult  problenc^-*  * 
This  arises  from  the  fact  that  the  basis  of  operation,  the  formula,  t  ^ 
always  erroneous. 

Nothing  seems  more  simple  than  to  say : ''  Given,  that  we  know  tha^    ^ 
F,  Rj  and  P,  are  equal  to  some  other  compound  fac^tors,  then  it  ma«-      ^ 
follow," — and  then  quadractic  equations  and  calculus  come  in,  and  thi 
student  reaches  a  final  result,  which  completely  disagrees  with  tin 
facets. 

When  we  start  from  false  premises,  we  arrive  at  some  conchisioi 
just  the  same,  but  it  is  not  the  object  sought.  But  even  if  the  formuhi 
be  correct,  it  is  certain  that  for  ninety-nine  in  one  hundred  intellects^—**' 
including  even  the  computer  himself,  a  mathematical  result  will  nevei 
be  as  convincing  as  a  clear  explanation  of  the  phenomena,  or  what  h 
much  better  a  conclusive  expel*iment. 

Thus,  I  conceive  mathematics  U)  be  an  interesting  instrument  of  re 
search,  but  not  a  convincing  argument.    I  will  not  resort  to  them  aii  a 
means  of  persuading  others  of  the  probability  of  success,  because  Itee' 
well  convinced  that  I  never  will  meet  with  anybody  willing  to  hazar( 
his  life  upon  the  bare  dictum  of  a  formula. 

Historical. — There  is  nothing  new  under  the  sun ;  and  for  the  probleii 
of  flight,  as  formally  others,  this  old  proverb  is  true. 
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be  farthest  antiquity  the  problem  is  x>i'eHeiitecl  to  us  as  having 
lolved  by  Icarus.  What  is  there  absolutely  iini>os8ible  in  that 
ion  f  With  close  observation,  good  sense^  and  inventive  faculty 
IS  may  be  aecoinplished;  Icarus,  perhaps,  had  these  marvellous 
^ifts.    -    -    - 

i  later  period,  balloons  came  with  their  enormous  bulk  athwart 
lestion ;  for  eighty  years  they  obscured  the  way  to  success.  They 
?n's  minds  estray  into  con(»eptions  without  issue,  and  inventors 
tU,  one  after  the  other,  brought  u[)  against  the  imi>ossible.     -     -     - 

loons. — At  the  first  glance  there  seems  to  be  a  close  connection 
en  the  power  of  ascending  into  the  air,  and  that  of  progressing 
y;h  it,  and  yet  half  a  century's  consideration  has  shown  that  there 
rofound  abyss  between  these  two  orders  of  ideas;  they  prove  in 
of  fact  to  be  directly  opposed  U)  each  other. 

THOUGHTS   ON    AVIATION. 

bve  already  said  that  Nature,  provident,  infallible,  always  know- 
r  more  than  the  most  attentive  study  can  teach  us,  points  out  to 
>  way  to  imitate  her  works. 

us  not  seek  to  be  wiser  than  she :  let  us  in  all  simplicity  follow 
she  leads ;  thus  shall  we  arrive  at  a  result  easily,  without  fa- 
g  our  brains  with  that  Chinese  puzzle, — that  mathemaiiical  com- 
ing of  X  and  y  and  z,  which  at  the  present  day  invades  all  ardu- 
lestions. 

merely  observing  with  close  attention  how  the  winged  tribes  per- 
their  feats,  by  carefully  reflecting  upon  what  we  have  seen,  and 
all,  by  striving  correctly  to  understand  the  modus  operandi  of 
we  do  see,  we  are  sure  not  to  wander  far  from  the  path,  which 
to  eventual  success. 

hods  of  Observation. — To  be  really  fruitful,  observation  must 
ss  several  peculiarities  and  qualities.  In  the  first  place,  we 
see  accurately  and  then  we  must  understand  what  we  have  seen, 
hen  again  we  must  apply  our  acquired  knowledge  to  the  de- 
investigation  of  the  performances  of  the  great  masters  in  the 
'  flight. 

jee  accurately,  it  is  not  only  necessary  to  have  good  eyes,  to  know 
0  keep  in  the  field  of  the  telescope  a  bird  going  at  full  speed,  but 
lore,  to  know  what  to  look  at,  what  it  is  imi>ortant  to  observe, 
nstance,  when  an  amateur,  little  accustomed  to  this  kind  of 
nation,  heai'S  an  expert  affirm,  peremptorily,  that  the  little  black 
ust  perceptible  in  the  sky  is  a  male  kestrel  falcon  {Faiwon 
dle)j  he  fancies  the  exi)crt  to  be  wool  gathering,  and  yet  the 
ion  is  quite  true. 

en  the  black  dot  perceived  by  the  expert,  who  has  ac(piired  skill 
3h  observations,  a  kestrel  falcon  is  easily  recognized  in  the  alt., 
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whether  iu  Bearing  or  in  flapping  flight;  its  long  tail  is  a  sure  index; 
there  is  no  possibility  of  confounding  it  with  a  raven,  a  buzzard,  a  kite, 
or  even  with  some  other  species  of  falcon;  it«  pecnliarities  are  too 
plain.  Now,  as  to  the  det<ermination  of  the  sex,  nothing  is  easier. 
One  need  only  observe  the  bird  for  a  few  moments,  the  male  disoovew 
himself  by  the  petulance  and  rapidity  of  his  beats,  by  the  energy  of 
his  movements;  the  female  is  more  supple  and  less  ardent  in  her  mode 
of  cleaving  through  the  air. 

As  for  the  "Pharaoh's  chicken"  {Percnopiere)^  the  case  is  again 
teasy.  Afar  oft*  it  may  be  distinguished  amid  a  flock  of  kites,  which  it 
t)ften  accompanies,  by  a  slight  peculiarity  in  its  flight,  a  remarkable 
unsteadiness  in  its  forward  progress,  also  by  the  narrow  width  of  its 
wings,  and  by  their  decided  rectilinear  set  athwart  the  body,  for  they 
are  partly  folded  or  flexed  only  when  the  wind  is  very  strong.  As  to 
the  male  bird,  he  may  be  distinguished  from  the  female  as  far  as  the 
eye  can  reach  by  his  color,  for  he  is  white  and  the  female  is  dark 
brown. 

The  great  tawny  vultures  (Gypit/ulvuif)  are  to  be  recognized  by  their 
steadiness  in  soaring,  by  the  anix>litude  of  their  circling  sweeps,  and 
by  the  majestic  deliberation  of  their  movements. 

The  arrians  (Vultur  monachus)  and  the  oricous  (Otogyps  aurieular) 
are  noticeable  by  the  exaggeration  of  all  these  latter  qualities  and  by 
a  darker  plumage. 

As  for  the  bearded  griftin  ( Gypaetos),  its  long  tail,  broad  and  roiuidiHl, 
easily  discloses  him  afar  oft';  there  is  no  bird  of  similar  outline  among 
the  large  soarers. 

Here  then  in  all  its  simplicity,  is  the  explanation  of  a  feat  of  dis 
cernment  which  generally  astonishes  the  inexpert.  In  order  to  deter- 
mine accurately  the  kind  of  bird  seen  afar  off*  in  ftill  flight,  it  is  simply 
necessary  to  have  observed  it  long  and  well.  When  eagles  Lave 
started  oft*  within  50  yartls,  and  the  eyes  have  followed  them  many 
times,  the  evolutions  have  become  photographed  on  the  memory;  and 
later,  on  other  occiisions,  when  the  same  rhythm  of  movement  is  per 
ceived,  there  is  no  longer  need  to  concentrate  the  attention  on  tiie 
shape  of  tlie  claws  to  determine  whether  the  bird  in  view  be  an  eagl^ 
or  a  vulture.     -     -     - 

Close  proximity  is  greatly  U}  be  desired  in  studying  the  nian(t?uvi'e« 
of  birds.  I  have  been  enabled  to  observe  at  very  close  range  severJ 
kinds:  the  crows,  the  kestrel  falcons,  the  peregrine  falcon,  the  kite. 
the  Egyptian  vulture,  the  pelicans,  the  tawny  vultures,  etr.,  have 
yielded  many  of  their  secrets  to  me. 

I  will  not  here  amplify  on  what  I  say  as  to  the  crow  and  the  kite  i^ 
the  chapter  devoted  to  tlieni;  in  Cairo  it  is  easy  to  touch  the  latter 
bird  in  full  fliglit,  by  going  about  it  dexterously,  but  the  most  stirring, 
exciting  sight  (the  word  is  not  too  energetic)  is  to  stand  in  the  Milture 
i-oost  on  t\u'  Mokatan  ridge,  near  Cairo,  ami  to  look  upon  the  Gyi^P^' 
vusy  passing  within  Ave  yards  iu  full  flight. 
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How  useless  to  seek  to  describe  this  spec  tattle  !  When  these  eiior- 
OU8  birds  rush  by  so  close  to  you,  an  astonishing  rustling  may  be 
sard;  the  great  primary  feathers  vibrate  like  tongues  of  steel,  and 
ex  upward  to  a  quarter  circle  under  the  fifteen  pounds  of  bird  they 
ear. 

There  the  great  vultures  gather  in  hundreds;  the  -'Egyptian  vul- 
ures"  are  no  longer  to  be  reckoned,  they  are  but  a  garnishing,  while 
he  kites  creep  in  among  the  lot  and  make  themselves  small,  and  the 
jreat  raven  {Carvus  corax)  incessantly  croaks  against  the  invasion  of 
liH domain.  Beak  blows  are  numerous;  each  smaller  bird  must  keep 
bis  distance,  for  if  he  passes  within  neck  length,  a  savage  peek  he 
gets  from  the  vulture.  The  larger  birds  are  scarcely  more  amiable  to 
tbeirown  species;  if  interference  threjitens  in  alighting,  a  shrill  warn- 
ing cry  is  heard,  a  blow  impends,  and  the  weaker  must  dive  away,  to 
t)egiii  all  over  again  the  complicated  evolutions  required  to  check  the 
motion,  and  to  alight  ux)on  the  perch  in  safety. 

One  of  the  maneuvres  which  always  astonishes  the  observer  is  the 
ilighting.  The  great  vultures  arise  above  the  perch  at  the  average 
weight  which  they  generally  keep  above  the  ground — that  is  to  say, 
iome  500  or  600  yards  above  it.  Having  reached  the  terminus,  they 
sweep  around  for  a  few  minutes  to  inspect  the  topography,  and  then 
they  determine  to  descend.  The  eagle  comes  down  like  a  meteor;  he 
>8  so  powerful  that  he  can  control  his  movements  at  1(K)  miles  an 
tiour;  but  the  great  vulture  has  no  such  strength  of  pectoral  muscle. 
He  drops  perpendicularly  like  the  eagle,  but  he  seldom  folds  his  wings 
to  gain  speed.  He  would  come  down  too  fast,  and  the  descent  is  some- 
times very  great;  for  I  have  seen  birds  which  were  already  in  full 
lesceut  when  first  they  appeared  at  the  zenith,  say  at  a  height  of 
nearly  2  miles.  If  they  had  then  folded  their  wings,  and  allowed  ac- 
celeration to  occur,  they  could  no  longer  have  controlled  their  velocity; 
they  would  have  been  disabled,  for  their  power  would  then  have  been 
^adequate  to  a  change  of  direction. 

^ext  to  close  and  accurate  observation  a  proper  understanding  must 
^^ attained.  This  second  stage  is  more  tlifficult  to  reach  than  the  first; 
and  this  results  because  we  must  discard  many  pre-concei  ved  ideas  which 
obscure  the  eyes  of  the  mind.  -  -  -  Then  the  observations  must  also 
^  accompanied  by  accurate  data. 

We  can  no  longer  accept  the  immense  dimensions  and  the  monstrous 
"^eights  of  guess-work.  We  must  have  exact  measurements  and  ac- 
-irate  live  weight  of  birds  in  full  health  and  in  normal  cimdition. 
^bove  all,  it  is  indispensable  that  the  observer  shall  be  enough  of 
^^  ornithologist  to  determine  at  once  the  species  and  peculiarities  of 
be  bird  he  is  looking  at;  not  merely  on  the  dissc^cting  table,  but  also 
'far  off*,  on  a  perch,  and  especially  in  full  flight. 

This  knowledge  is  to  be  acquired  neither   from   books  nor  from 
Unseams;  it  must  be  obtained  by  much  conning  of  the  great  volume 
H.  Mis.  114 26 
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of  nature,  by  taking  iiccouutand  thought  of  the  various  movement 
operations,  and  evolutions  of  the  birds,  by  becoming  acquainted  wi 
all  their  manoeuvers,  and  above  all  by  understanding  them  correct! 
the  how  and  the  wherefore.  Without  all  this  information  success 
not  possible.  If  the  man  does  not  clearly  understand  what  the  b 
does  and  intends  in  a  given  position  and  a  certain  conjuncture,  b 
can  he  hope  to  imitate  its  flight! 

The  observer  must  constantly  set  problems  for  himself,  in  the  h 
that  occasionally  the  bird  will  demonstrat-e  a  solution.  Thus,  I  > 
convinced,  a  prior i^  that  an  expert  soarer  could,  in  a  fresh  brei 
rise  directly  into  the  air  and  advance  against  the  wind  at  the  sa 
time.  1  felt  sure  that  the  feat  was  feasible.  1  waited  for  years  bel 
witnessing  this  evolution.  At  last  one  day  in  Africa,  two  eagles 
love  attbrded  me  this  speA^tacle.  One  of  them  launched  from  the 
of  the  ash  tree  which  served  as  a  perch,  descended  against  the  w 
6  to  10  feet,  was  raised  up  by  a  gust  of  wind,  and  thus  continued 
rise,  slowly,  steadily,  for  a  liundred  yards  into  the  air,  while  he  j 
advanced  some  50  yards  against  the  wind,  without  a  single  beat  or 
pulse  of  his  mighty  wings. 

Such  convincing  demonstrations  are  not  to  be  seen  every  day;  1 
must  be  persistently  awaited ;  the  observer  must  burn  with  the  sac 
tire;  he  must  be  drawn  to  the  study  of  flying  creatures  by  that  uu 
flnable  enthusiasm  which  shall  cause  his  heart  to  throb  when  he  y 
nesses  certain  evolutions.    -     -     - 

It  is  but  rarely  that  a  bird  manieuver  is  absolutely  incompreb 
sible;  for  peculiarities  an<l  motives  not  understood  upon  a  first  deui 
stration  are  expliiiiied  by  fiesh  observations  made  under  happier  eoi 
tions.  In  all  cases,  to  leaiii  the  how  and  wherefore,  the  study  m 
be  a  labor  of  love. 

All  my  life  shall  I  remember  the  first  flight  which  I  saw  of  the  6 
ftdvunj  the  great  tawny  vultures  of  Africa.  I  was  so  impressed  thai 
day  long  I  could  think  hi'  nothing  else;  and  indeed  there  was  & 
cause,  for  it  was  a  piactical,  perfect  demonstration  of  all  my  prec 
ceived  theories  concerning  the  possibilities  of  artificial  flight  in  awi 
Since  then  I  have  observed  thousands  of  vultures.  I  have  distiirl 
many  of  the  vast  flocks  of  these  birds,  and  yet,  even  now,  I  can  not 
one  individual  passing  through  tlu^  air  without  following  him  vi 
my  eyes  until  he  disappears  in  the  distant  horizon. 

Fruitful  observation  re<| uires  t  hat  the  model  be  well  chosen.  Ordin; 
observers  are  confined  to  the  bad  examples  which  are  found  in  tl 
locality.  They  can  only  study  the  flapping  birds — the  pigeons, 
bats,  the  little  insects  even.  What  good  is  to  be  got  from  studyiuj 
model  which  can  not  be  imitated  on  a  larger  scale!  It  is  impossible 
reproduce  an  insect,  a  sparrow,  even  a  pigeon,  uiK)n  proportions  wh 
will  carry  a  man.  No  material  will  bear  the  strains  of  wing  beats 
energetic  as  those  of  the  sparrow.  Steel  itself  is  too  weak  in  pit)jx)i'tJ 
to  weight.     '    -    - 
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Common  sense  indieates  that  the  weak  can  only  aspire  to  light  tasks. 
Which  then  are  the  birds  that  expend  the  least  energy?  They  are 
clearly  the  soaring  birds,  sweeping  over  great  distances,  by  the  sole 
i)Ower  of  the  wind. 

The  vulture's  needs  are  few,  and  his  strength  is  moderate.  To  earn 
his  living  he  but  needs  to  sight  the  dead  animal  &om  afar.  And  so 
what  does  he  know!  He  knows  how  to  rise,  how  to  float  aloft,  to 
sweep  the  field  with  keen  vision,  to  sail  upon  the  wind  without  eflFort, 
till  the  carcass  is  seen,  and  then  to  descend  slowly,  after  carefiil  recon- 
uaissance  and  assurance  that  he  may  alight  without  danger,  that  he 
will  not  be  surprised,  and  compelled  to  percipitous  and  i)ainfnl  depart- 
ure. And  so  he  has  evolved  a  peculiar  mode  of  flight;  he  sails  and 
spends  no  force,  he  never  hurries,  he  uses  the  wind  instead  of  his  mus- 
cles, and  the  wing  flap  occasionally  seen  is  meant  to  limber  uj)  rather 
than  to  hasten  through  the  air.  And  so  the  true  model  to  study  is  the 
vulture— the  great  vulture.  Beside  him  the  stork  is  as  a  wren,  the  kite 
a  mere  butterfly,  the  falcon  a  piii  feather. 

Whoso  has  for  five  minutes  had  the  fortune  to  see  the  Oricou  vul- 
ture in  full  sail  through  the  air,  and  has  not  perceived  the  possibility 
of  his  imitation  by  man,  is — I  will  not  say  of  dull  understanding,  but 
certainly  inapt  to  analyze  and  to  appreciate. 

ORNITHOLOGY;   SURVEYED  IN  FLIGHT. 

And  here  I  must  deliver  a  little  lecture  upon  ornithology,  from  a 
point  of  view  vital  to  the  question,  that  is  to  say,  the  acts  of  flight, — a 
point  of  view,  queerly  enough,  which  is  generally  ignored  in  books. 

Right  is  the  bird's  chfef  peculiarity;  it  is  his  one  good  gift,  so  let 
us  rapidly  review  the  acts  of  the  creatures  which  travel  on  the  air. 

The  lowest  class  is  that  of  the  Insects.  All  of  them  progress  by  beat- 
ing flight;  they  are  rowers  (rameurs),  save  i>erhaps  some  mid-day  butter- 
^ies,  which  occasionally  glide.  Their  wings  are  elastic,  true  jilaues, 
altenng  their  shape  and  acting  on  the  air  through  flexible  torsion  on 
the  np  and  the  down  stroke. 

I^r.  Marey  has  given  very  interesting  descriptions  and  graphic  dia- 
grams of  insect  flight.  They  are  i>ictured  motions,  exaetly  re-produced. 
J^othing  better  is  to  be  desired. 

The  reptiles — supposed  to  be  the  bird's  original  prototype — can  now- 
^^'ays  only  produce  that  little  East  Indian  lizard,  the  l>raco  volans, 
who  glides  from  tree  to  tree.  He  can  compass  but  a  few  yards, — say, 
^^oin  one  branch  to  another. 

But  past  geologic  times  aftord  much  more  interesting  specimens, 
^^t  the  eiK)ch  of  the  Lias,  nature  produced  a  whole  family  of  reptiles 
^'tose  lives  must  have  been  spent  in  the  air.  The  pterodactyls  must, 
*^  order  to  earn  their  living,  have  possessed  the  faculty  of  moving 
*fid  tiiailing  on  the  air,  just  as  the  large  birds  do  to-day. 
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The  class  of  fishes,  as  might  be  expected,  presents  few  spocimensof 
ilying  creatures;  perhaps  a  dozen  species  can  project  themselves  from 
the  sea,  glide  a  few  air  yards  with  great  effort,  and  return  to  tMr 

liquid  element. 

•  •••••• 

Flight  progression  is  certainly  the  most  elegant  mode  of  motion  given 
by  nature  to  her  creatures.  But  all  birds  are  not  equally  gifted  although 
each  animal  has  modes  of  flight  appropriate  to  his  needs,  for  life  depends 
on  this. 

Which  of  all  the  birds  is  best  endowed  for  flight  by  nature  I  A  ques- 
tion often  put,  and  answered  many  ways. 

Is  it  ihe  eagle,  with  his  majestic  sweep?  He  is  certainly  great;  the 
king  of  the  air;  but  the  humble  pigeon  outstrips  him  in  the  sky,  as  the 
greyhound  flashing  by  the  mastifl.  Is  it  the  frigate  bird,  with  his  great 
spread  of  wings?  Assuredly  no,  I  answer;  there  are  circumstances 
when  the  frigate  bird  can  not  rise  from  the  ground.  Is  it  the  group 
of  the  great  vultures?  These  may  be  the  best  for  man  to  imitate, 
but  for  speed,  for  endurance,  for  quick  evolution,  their  vast  wings  re- 
quire too  much  space  to  produce  modes  of  flight  entitling  them  to  bird- 
life  primacy.    A  condor  can  not  get  under  way  and  rise  like  a  sparrow. 

May  it  not  then  be  the  charming  swallow,  so  lively,  so  quick,  so  agile? 
Alas!  no;  her  great  proix)rtion  of  wing  suriii.ce  is  the  sport  of  a  gust  of 
wind.  Her  small  mass  is  insuflicient  in  great  currents  of  air.  Tbe 
sparrows  are  after  all  the  best  endowed  for  bird  flight  and  bird  life. 
Speed,  quickness  in  action,  diflicult  feats,  constant  readiness,  all  are 
compassed  by  them.  And  yet  these  birds  during  their  whole  year,  do 
not  flit  as  far  as  sea  birds  in  a  month. 

From  these  remarks  it  is  safe  to  conclude,  and  to  say  to  ourselves, 
that  each  bird  flies  perfectly,  according  to  his  needs.  Yet,  from  bird 
point  of  view,  the  sparrow  approaches  the  type  of  pertection.  As  to 
speed,  he  may  outstrip  the  pigeon ;  as  to  power,  he  can  rise  vertically 
to  considerable  heights;  a«  to  journeys,  he  equals  other  birds,  for  he 
also  has  his  periodical  migrations. 

This  selection  may  at  first  sight  appear  curious;  but  it  will  be  re- 
membered that  it  is  only  small  birds  which  compass  all  the  monstrous 
difficulties  of  flight.  The  warblers,  the  sylvias,  the  humming-birds, 
are  constantly  i)erforming  astonishing  feats  and  gymnastics;  they  are 
athletes  and  acrobats.  We  may  even  at  this  point  formulate  an  ornitho- 
logical law,  and  here  it  is :  The  proportional  pc^wer  is  in  direct  ratio 
to  the  smallness  of  the  bird. 

We  do  not  generally  appreciate  this  power;  and  yet  let  us  observe 
the  metallic  elasticity  of  the  warbler's  muscles,  in  its  zigzag  flashings 
in  ]mrsuit  of  a  fly ;  observe  the  wings'  pulsation,  vibrating  like  tongiie 
of  steel,  and  almost  producing  harmonic  notes;  and  conceive  of  the 
energy  spent  in  such  rapid  motions.  A  condor  whose  pectoral  muscles 
could  produce  sucli  lightning  beats,  needs  have  his  wings  of  steel;  their 
roa>r  would  be  as  thunder. 
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From  the  bird's  i)oiut  of  view,  the  siiiall  are  best  endowed}  but  their 
ower,  skill,  and  life,  man  can  not  reproduce.  If  he  is  destined  ever  to 
leave  tlie  azure,  he  must  seek  his  model  mort^  nearly  of  his  size. 

Varietien  in  forms  of  wimjs, — Ornithologists  have  divided  the  differ- 
rit  forms  of  wings  into  two  groups:  the  acute  wings  and  the  obtuse 
iiigs;  then  again  these  are  sub-divided  into  the  super-acute  and  sub- 
cute,  the  super-obtuse  and  sub-obtuse. 

This  classification,  however  excellent  it  may  be,  is  not  sufficient. 
1  order  to  explain  satisfactorily  the  numerous  facts  observed  concern- 
ig  flight,  we  must  have  more  data  than  are  furnished  by  these  divi- 
ons,  which  are  too  vague  and  general.  We  must  take  account  of  the 
nonnt  of  wing  surface,  in  proportion  to  weight,  of  the  length  of  the 
ing  in  relation  to  its  width,  and  to  the  mass  of  the  bird;  in  fiact  we 
ust  consider  many  circumstances,  which  render  it  necessary  to  study 
tell  family  by  itself,  in  order  to  reach  satisfac;tory  conclusions. 

As  a  result  of  the  study  of  all  these  conditions — a  study  to  be  found 
.rther  on, — we  may  now  establish  a  series  of  principal  divisions, 
hich  may  be  condensed  under  the  remarks  following. 

It  may  be  safely  affirmed :  that  a  bird  witli  long  and  wide  wings  is 
ell  equipped  for  soaring  flight.  A  gift  which  goes  on  increasing  with 
le  mass;  that  the  bird  witli  long  and  narrow  wings  is  well  equipped 
>r  gliding  in  great  winds,  and  that  this  gift  also  increases  with  the 
ass;  that  short  and  wide  wings  (in  proportion  to  body)  indicate  ^nd 
rcMiuce  a  flight  of  small  extent;  finally  that  short  and  narrow  wings 
snote  great  rectilinear  speed.  We  may  even  lay  down  the  law: 
elocity  is  in  inverse  ratio  to  wing  surface. 

This,  be  it  understood,  applies  to  birds  which  fly,  for  else  the  ostrich 
ad  the  apteryx  would  be  the  movSt  rapid  of  birds;  but  we  may  say  that 
tnong  flying  birds  velocity,  straitforward,  increases  as  the  propor- 
oiial  surface  dimiidshes.  It  must  be  so  to  sustain  the  increased  rela- 
ve  weight.  Every  sportsman  knows  the  astonishing  speed  of  ducks, 
^Is,  loons,  etc.,  and  the  slowness  of  herons,  lap  wings,  and  barn  owls. 

It  ifl  useless  to  enlarge  upon  these  fundamental  principles,  for  we 
[lall  find  them  constantly  explaine^l  and  ai>plied  in  our  studies  of  the 
ight  of  each  feathered  family. 

The  tail  of  birds. — The  tail,  as  an  apparatus,  serves  to  sustain,  to 
irect,  and  to  preserve  the  eijuilibrium.  -  -  -  It  is  a  useful  organ, 
ut  not  indispensable.  A  bird  who  has  been  deprived  of  its  tail  will 
y,  with  its  own  particular  mode  of  flight,  after  some  days'  practice, 
nd  without  much  variance  or  difficulty.  -  -  -  Many  birds  which 
re  expert  flyers  have  scarcely  any  tail :  the  herons,  the  albatross,  the 
acks,  the  teals,  the  pelicans,  the  gulls,  etc.,  etc. 

Again,  the  tail  may  be  large  or  small  without  apparent  reason.  As 
itness  the  turtle-dove  and  the  Egyptian  dove,  the  magpie  and  the 
^y,  the  vulture  and  the  tumbler  eagle. 
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Great  size  of  tail  always  indieates  feeble  liigbt,  especially  when  tbe 
appendage  becomes  very  large. 

We  luay  neglect  to  consider  this  organ,  as  giving  bat  vague  iudica- 
tions  of  its  utility,  yet  if  we  must  account  for  the  final  cause,  for  tbe 
necessity  for  this  organ,  particularly  when  it  is  well  developed,  we 
arrive  at  the  following  deduction: 

The  tail  of  birds  serves  as  either  an  ornament  or  as  an  organ  for  ttigbt. 
The  ornamental  consideration  concerns  us  not,  it  may  here  be  neglected. 
As  an  organ  of  flight,  we  may  be  enlightened  oh  to  its  use  by  the  fol- 
lowing description  of  a  manoeuver  witnessed. 

A  kestrel  falcon  was  skimming  close  along  a  hedge,  almost  at  ground 
level;  its  speed  was  moderate  and  its  direction  straight;  when  all  at 
(mce, — as  if  moved  by  a  released  spring,  it  dart^^d  a  right  angle  and 
}X)unced  upon  a  lizard.  The  angle  deviated  was  precise  and  the  action 
of  incredible  swiftness.  To  i>erform  this,  the  bird  used  its  tail;  it 
absolutely  needed  this  rudder,  so  ample  and  powerful. 

Here  we  see  the  use  of  a  great  development  of  this  organ  of  locomo 
tion;  it  permits  surprising  the  prey  by  a  sudden  change  of  direction. 

It  seems  probable  that  the  powerful  tail  of  the  gypaetus  is  destined 
for  the  same  function ;  his  mode  of  hunting  among  the  rocks,  deliver 
ing  great  body  blows  must  be  facilitated  by  its  ample  and  powerful 
tail. 

In  fine,  the  tail  best  serves  in  pursuing  the  prey,  but  is  not  indis 
peusable  for  long-continued  flight,  as  indeed  may  be  proved  by  remov 
ing  it  from  the  bird. 

We  then  conclude  that  the  tail's  chief  use  is  in  producing  rapid 
(*hanges  of  direction;  and  curiously  enough  when  the  bird  does  not 
employ  it,  his  flight  is  always  straight.  This  may  be  formulated  a«s 
follows:  Aptitude  for  cluingiug  the  direction  of  flight  is  in  direct 
ratio  with  the  amplitude  and  power  of  the  tail. 

It  is  only  from  the  theoretical  point  of  view,  from  its  application  to 
artificial  flight,  that  the  utility  of  this  organ  is  here  disregarded.  The 
equilibrium  may  be  maintained  upon  two  points  of  supjiort,  sls  witness 
our  legs,  stilts,  the  velocipede,  etc,  yet  we  must  acknowledge  that 
in  practice  a  third  point  of  support  becomes  very  useful;  it  introduces 
absolute  stability,  and  minimizes  that  constant  strain  on  the  attention 
required  to  avoid  falling. 

Therefore  a  third  point  of  support  obtains  even  among  birds  with 
rudimentary  tails.  For  example,  the  pelican  dazzles  not  with  the 
development  of  his  caudal  appendage,  but  we  may  note  that  the  gen 
eral  form  of  his  body  supplies  the  deficiency.  When  in  full  flight  he 
presents  the  following  attitude:  (See  Fig.  1.) 

It  will  be  observed  that  his  arm  and  his  forearm  form  pronounced 
angles,  like  those  of  a  flattened  letter  M,  and  that  he  may  shift  his 
center  of  gravity  by  playing  tliese  wings  back  and  forth  without  com- 
promising bis  equilibrium.  This  leads,  incidentally,  to  another  formula: 
J3ird8  without  tails  all  have  the  forearm  very  long. 
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The  tyail  to  be  eflfective  recjiuires  that  the  speed,  or  the  wiud,  shaH 
be  great  (these  are  equivalent  in  aviation),  for  if  the  bird  had  no  other 
means  of  steering,  his  movements  would  be  dreadfully  hampered  at 


¥w.  l.—TVli«aii  in  flight. 

low  speeds.     He  substitutes,  as  we  shaH  see,  for  this  imperfect  action 
other  and  more  energetic  means  of  changing  his  direction. 

The  flight  of  ihe  flappmg  birds. — Let  us  view  the  bird  when  first  he 
means  to  start.  Tie  is  on  the  gnuind ;  he  <*rouches  t/O  spring  \\\k  letting 
his  wings  hang  down  loosely. 

Let  us  analyze  this  first  movement.  Tiie  wing  is  divided  into  three 
planes,  one  formed  by  the  humerus,  another  by  the  radius  and  the 
ulna,  and  the  third  by  the  hand.  The  result  i)rodu<*ed  by  the  position 
of  these  three  planes  is  to  otter  no  resistance  to  tlie  air. 

But  this  does  not  exhaust  the  dccoinp(»sition  of  tliis  attitude;  all  the 
feathers,  [particularly  those  at  the  tips  of  the  wings,  are  so  incline*^  that 
the  air  is  met  by  their  edges  instead  of  their  broadsid<*s.  Still  further 
we  se^  that  the  wing  is  never  raised  on  the  up  stroke  at  full  spread,  but 
well  folded  on  itself,  so  as  to  present  the  least  possible  surface  and  yet 
accomplish  the  movement  with  least  eft'ort  and  greatest  celerity. 

Now  let  us  note  the  second  movement;  the  bird's  wing  beating  down 
the  air.  The  action  is  simple;  the  wing  is  fully  extended  and  stiff',  the 
feathers  close  its  whole  surface,  and  it  is  concave  on  the  under  side. 
There  is  therefore  a  great  difference  in  the  result  obtained  between  the 
np  and  down  stroke  of  the  wing.  This  difl'erence  produces  the  lifting 
eff'ect  in  flapping  flight. 

Exactly  to  appreciate  this  diff'erenct*,  to  feel  it  as  iWere,  let  the  reader 
take  the  freshly  severed  wing  of  a  large  bird,  grasj)  it  by  the  humerus, 
and  imitate  the  up  and  down  stroke.  This  experiment  will  give  a  bet- 
ter understanding  of  beating  flight  than  all  possible  descriptions  and 
explanations.  It  is  proximate  and  plain,  one  feels  the  efforts  required 
by  each  movement,  and  passes  judgment  on  them  directly.  The  upward 
spring  of  the  legs,  and  the  first  beat  of  the  wings,  have  launched  the 
bird  in  the  air.  He  repeats  the  beats  rapidly  and  rises,  not  vertically, 
but  at  an  angle  within  45°.    To  rise  perpendicularly  the  bird  is  com- 
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lulled  to  I'everse  himself,  a  difficult  niaij'<i?uver,  sometimes  pertbnned 
by  pigeons  in  tbe  pigeon  house  to  limber  up  their  wings. 

To  pass  from  this  inclination  of  some  45^  into  horizontal  course,  the 
bird  brings  the  tail  into  play.  He  depresses  it,  and  produces  through 
the  pressure  corresp<mding  to  the  velocity  (sometimes  aided  by  a  par- 
ticular light  beat)  a  decomposition  of  forces  which  results  in  changing 
the  course  from  45°  to  the  horizontal.  If  the  tail  is  weak,  he  uses  his 
deltoid  muscles,  which  raise  his  body  rehitively  and  so  produce  the 
same  result.    In  general,  birds  often  emi>loy  both  means  simultaneouBly. 

Horizontal  motion  being  attained,  the  manner  of  flight  is  slightly 
modified  with  increasing  S]>eed.  The  wing  no  longer  beats  peri>endic- 
ularly,  but  is  slightly  inclined  in  the  direction  of  the  course  in  order 
to  increase  the  speed.    -     -     - 

Soarinif  flight — Some  naturalists  have  advanced  most  curious  ex- 
planations of  bird  flight,  espeejally  of  soaring  or  sailing  flight.  For 
their  jiurpose  lightness  is  the  main  requisite.  They  have  pointed  to 
the  porous  bones,  to  the  spaces  filled  with  air  sometimes  occurring 
under  the  skin  of  these  creatures,  as  indispensable  conditions  for  sup- 
port in  the  air. 

These  are  fallacies.  Birds  always  exhibit  <M>rporal  density,  practi- 
cally the  same  as  land  animals.  Deprived  of  their  feathers  they  sink 
in  water;  their  specific  gravity  is  about  1,  as  is  that  of  man,  of  mam- 
mals, and  of  fishes. 

To  rightly  explain  the  flight  of  birds,  we  must  consider  them  a» 
highly  organized  machines,  which  are  sustained  through  the  reaction*- 
produced  by  muscular  eflbrt;  not  as  a  balloon  floating  in  the  air,  but 
as  a  stone  glancing  along  the  water,  or  a  skater  gliding  over  thin  ice. 
All  that  apparatus  described  for  distending  the  gannet,  the  pigeon — 
all  those  hollow  bones  of  the  ]>eh'can,  the  albatross,  et<*.,  serve  flight  i» 
no  degree.    Their  utility  is  different. 

After  all,  experiment  is  easy.  Strip  a  bird  of  his  body  feathers^ 
leaving  him  only  the  wing  and  feathers,  and  his  flight  will  be  in  noway 
changed;  he  will  get  chilled,  he  will  not  be  able  to  swim  if  be  i8» 
water  bird,  but  he  will  assuredly  not  fly  the  worse. 

Let  us  now  explain  the  flight  of  the  soaring  birds,  or  j^s  I  prefer  to 
call  them,  the  sailers.  Birds  soar  perfectly  in  proportion  to  the  mag- 
nitude of  their  sustaining  surfaciss  and  of  the  greatness  of  their  mass. 
This  is  an  unquestionable  principle.  A  large  bird,  an  average  siz^d 
bird,  and  a  small  bird,  all  three  having  the  same  proportional  surface 
relative  to  their  weight,  will  soar  the  better  the  heavier  they  are. 

Let  us  consider,  then,  only  the  larger  birds,  for  these  alone  can  effect 
the  deciompositions  of  wind-force  which  produce  flight  without  flappinf 
of  wing.  As  the  sailing  bird  first  launches  out  with  flaps,  unless  from 
a  perch  he  plunges  to  get  speed,  we  will  suppose  him  in  full  action  in  air, 
and  possessing  initial  velocity.     He  will  then  glide  on  rigid  wings.   If 
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lere  be  no  wind  he  will  glide  totbc  ground,  to  a  distance  proportional 
[^•ays  to  his  surface,  and  above  all,  to  his  mass;  therefore  an  arrian 
alture  will  glide  farther  than  a  tawny  vulture,  and  this  latter  farther 
ian  an  Egyptian  vulture,  yet  they  are  all  constructed  very  nearly  in 
le  same  proportions. 

When  there  is  no  wind,  sailing  birds  must  come  down ;  flight  is  not 
ossible  unless  they  choose  to  flap.  This  sore  necessity  rarely  brings 
i.rly  birds,  for  the  morning  is  usually  calm,  particularly  in  the  tropics. 
lit  let  there  be  a  current  of  air,  a  circumstance  almost  always 
resent  at  a  certain  height  in  the  atmosphere;  at  once  the  scene 
langes,  the  sailer  sweeps  in  circles,  he  rises  upon  the  air  to  great 
Ltitndes,  and  thence  he  glides  downward  where  he  wishes  to  go,  even 
gainst  the  wind. 

I^et  us  try  to  explain  this  circling  act.  The  bird  glides  in  his  sweep 
i  the  direction  with  the  wind,  losing  as  little  height  as  possible,  the 
ind  imparting  velocity  almost  equal  to  its  own  by  impact  in  the  rear, 
bis  push  is  eflfective:  there  is  a  good  hold  against  upturned  feathers, 
bereaswhen  the  bird  turns  again  against  the  wind  all  feathers  are 
tncx)thed  down  snug  against  each  other  and  presenting  surfaces  of 
-a^t  resistance.  This  diflference  in  action  is  akin  to  the  revolving  cups 
bich  serve  as  anemometers  through  the  diflPerent  resistances  of  the 
>uvex  and  concave  surfaces.*  As  the  bird  further  sweeps  around  he 
»<i€8  the  wind,  with  freshly  acquired  velocity,  and  utilizes  this  in  gain- 
^^  fresh  elevation. 

In  all  soberness  is  this  fraction  of  an  explanation  presented;  for  this 
^rtjling  action  is  little  understood  and  is  evidently  of  great  use  to  the 
'»"fl.  When  he  faces  the  wind  in  the  sweep  he  describes,  the  bird  ad- 
^^ts  his  wings  and  tail  so  as  to  rise  slightly,  his  own  acquired  speed  in- 
^^asing  the  normal  wind  pressure,  he  rises  more  than  he  has  dropped 
^  flevelop  his  own  speed. 

1o  sum  it  up,  there  is  a  balance  of  benefit;  the  result,  a  lift  pro- 
^^«ed  by  the  force  of  the  wind,  which  does  not  act  with  equal  effect 
l^ ether  the  bird's  front  or  rear  is  presented  thereto. 

Ihe  soaring  bird  repeats  this  circling  sweep,  and  gains  elevation  at 
^«ry  lap.  The  greater  is  the  mass  of  bird  and  the  more  nearly  con- 
^titric  are  the  sweeps,  especially  when  the  breeze  is  light.  Yet  even 
biong  those  birds  best  able  to  produce  those  decompositions  of  force 
Pproaching  theory,  the  sweeps  are  only  exactly  concentric  in  the  sole 
!^^  when  there  is  no  wind;  while  he  is  awaiting  the  vivifying  cur- 
-ut  the  bird  simulates  the  circling  rise,  he  still  sweeps  around  to  sus- 
^in  himself,  but  he  gains  no  elevation.  This  action  almost  always  de- 
rives the  observer,  and  leads  him  to  believe  that  the  bird  is  rising 
'iless  they  are  both  placed  on  the  same  level. 

It  is  not  well  however  to  ascribe  undue  importance  to  the  varying 
ftect  of  the  wind  on  the  feathers,  front  and  rear,  and  to  rely  on  this 


[M,  Mouillfird  now  considers  this  explanation  erroneons.'^ 
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a8  a  sole  explauatiou;  the  problem  contaius  iiiauy  more  eleiueutB. 
Tlie  variations  in  the  amount  of  wing  surfaces  unfolded  to  the  wind, 
in  the  diflPerent  portions  of  the  circles  described,  the  variations  in 
speed,  and  the  shifting  in  position  of  the  center  of  gravity  of  the  bird 
are  all  of  them  factors  to  be  taken  into  account. 

The  bird's  elevation  is  gained  by  the  skilfnll  utilization  of  all  the.<je 
elements,  and  by  the  happy  use  of  a  numlJer  of  casual  circumstanies, 
beginning  with  those  of  ascending  currents,  which  have  been  so  much 
discusse<l  of  late,  but  which  are  not  to  be  reckoned  upon  as  a  steady, 
sole  cause,  and  ending  with  the  utilization  of  the  coming  puflTof  wind, 
which  the  bird  takes  advantage  of  by  breasting  it  at  the  best  angle  of 
incidence,  just  at  the  right  moment;  finally,  and  especially,  by  the 
difference  in  length  of  coui'se  while  sweeping  with  the  wind  or  against 
it,  the  Latter  being  shorter,  and  the  dift'erence  being  moie  marked,  as 
the  rise  becomes  steeper. 

The  advantage  obtained  in  rising  on  circling  sweeps  is  ea^sily  ob 
served  and  understood,  yet  it  must  be  confessed  that  there  is  a  weak 
point  in  the  analysis,  an  insuilicient  explanation.  This  pertains  to  the 
stage  when  the  bird  is  going  with  the  wind.  Is  the  acquired  momen- 
tum, the  velocity  necessary  to  supi>ort  the  bird,  sufiBcient  to  account 
for  the  subsequent  phenomena!  I  scarcely  think  so,  and  I  feel  that 
the  explanation  is  not  absolutely  correct,  for  observation  shows  that 
there  is  often  complete  arrest  of  motion.  In  any  case,  whether  iny 
analysis  be  good  or  inadequate,  the  circling  sweep  is  much  practiced 
by  birds,  and  observation  indicates  that  it  is  the  mana^iver  which  af 
fords  easiest  as<*ent,  for  it  is  the  process  always  employed  by  the  sail 
ing  bird  when  there  is  a  minimum  of  wind. 

While  still  lac^king  a  clear,  convincing  exidanation,  we  may  hold  t<> 
that  above  given  provisionally.  Kelying  on  the  instinct  of  the  birds, 
we  may  without  risk  accept  the  usefulness  of  the  sweeping  circle. 

Instead,  a  manoeuver  which  supports  analysis,  and  which  is  easily 
understood,  is  that  of  direct  ascension  against  the  wind,  either  by 
drifting  back,  which  is  an  easy  feat,  or  vertically,  which  is  more  diffi 
cult,  or  even  while  advancing  against  the  wind,  the  most  difficult 
of  all. 

When  we  note  the  correct  angle  of  incidence  presented  by  the  bii-dr 
the  adjustment  of  his  surfaces,  and  his  skillful  utilization  of  the  vary- 
ing velocities  oT  the  wind,  advancing  forward  in  the  calm,  and  ascend 
ing  on  the  increased  velocity,  we  understand  his  manoeuvers  and  find 
his  solution  of  the  problem  easy  to  follow. 

But  we  remark  that  this  particular  process  of  rising  in  the  air  re- 
quires that  the  wind  shall  possess  such  speed  as  to  sustain  at  all  times 
an  areoplane  with  no  velocity  of  its  own,  while,  if  in  circling  sweep, 
this  same  areoplane  would  have  an  initial  velocity,  thus  enabling  it  to 
utilize  breezes  too  feeble  to  serve  in  direct  ascensions. 

We  must  never  think  of  the  wind  as  a  regular  current  of  air— we 
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would  greatly  err;  attentive  observation  of  bird  flight  demonstrates 
the  constant  recurrence  of  inegular  gusts,  not  only  near  the  ground, 
but  even  up  to  the  limits  of  the  visible  atmosphere. 

Birds  certainly  i)ossess  the  gift,  like  good  sailors,  of  seeing  the  coming 
gust  of  wind ;  the  curling  change  of  color  on  the  water  indicates  to  the 
seaman  the  approach  of  the  squall.  How  is  it  that  the  bird  perceives 
the  coming  gust!  It  may  be  diflficiilt  to  conceive  how  it  is  done,  but 
the  facrt  is  certain,  for  the  irregular  puft'  is  often  utUized;  and  yet  here 
again  is  a  basis  it  is  not  safe  to  build  on  overmuch,  for  the  heavy  soar- 
ing birds  seem  to  disdain  to  use  these  puffs  of  wind;  they  accept  them, 
they  store  up,  asit  were,  theaccruing  momentum,  but  they  never  trouble 
themselves  to  profit  fully  by  them. 

In  order  to  gain  a  sound  idea  of  what  is  going  on  in  sailing  flight,  to 
»  understand  and  to  account  for  it,  we  must  separate  two  conditions  of 
wind  which  are  usually  confounded — the  regular  current  of  wind  and 
the  irregular  gust. 

It  would  seem  at  first  consideration  that  when  in  a  regular  current 
of  air  the  bird  sweeps  a  circle,  he  must  lose,  against  the  current,  just 
so  much  momentum  as  he  has  received  in  going  with  the  wind,  plus  the 
frictional  losses,  etc.  But  we  have  observed  that  this  is  not  the  case, 
and  as  we  say  because  the  bird  breasts  the  wind  with  his  smooth 
cleaving  shape,  a  shape  more  perfect  as  he  excels  as  a  sailer;  which 
cleaving  shape  differs  much  from  the  rear,  which  latter  is  arranged  in 
quite  another  form  to  catch  the  wind  as  a  sail.  Xow  to  the  ditt'erence 
in  the  coefficient  of  result  upon  these  different  shapes  we  must  add  the 
effect  of  the  varying  angle  of  the  incidence  of  different  spreads  of 
wing  as  velocities  change,  the  relative  short  course  against  the  wind, 
and  finally  that  mysterious  first  cause  which  we  call  life,  which  exhib- 
its marvelous  wondersof  equilibrium  of  rest  and  of  motion  and  governs 
the  active  part  of  existence. 

Yet,  as  I  said  before,  very  large  soaring  birds  do  not  seem  to  trouble 
themselves  much  to  utilize  all  these  little  accessories;  the  experts  in 
the  art,  having  adjusted  their  surfaces  at  an  average  angle,  judged 
sufficient  from  their  experience,  do  not  readily  modify  their  attitude; 
they  know  there  is  small  profit  to  them  in  small  manieuvers,  such  as 
the  furling  and  unfurling  the  wing,  to  modify  the  extent  of  sustaining 
surface  in  difterent  portions  of  the  circling  sweep;  one  might  say  that 
they  adjust  their  areoplane  up  to  a  fixed  notch,  which  they  know  to  be 
practically  good,  and  trust  to  the  wind  gust  for  material  uprise.  There 
are  probably  minute  changes  in  adjusting  the  equilibrium  which  the' 
telescope  does  not  disclose,  such,  for  instance,  as  movement  of  the  head, 
which  is  a  precious  balancing  pendulum  admirably  located;  there  are 
even  unconscious  movements  of  the  whole  body;  but  as  to  intentional 
changes  in  the  size  and  set  of  the  sails  (that  is,  the  attitude  of  the 
bird's  flight),  they  may  remain  for  whole  hours  at  the  point  fixed,  Avith 
reasonably  steady  wind,  just  like  the  sails  of  ships.    We  must  there- 
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fore  exaiuiue  the  problem  lurtlier,  and  «eek  a*  more  Siitisfai'tory  solution 
of  the  circling  problem.  This  we  shall  find  in  studying  the  effects 
produced  by  irregular  gusts  of  wind. 

The  wind  gust  is  the  very  essence  of  the  uprise:  it  is  the  magic  wand 
which,  striking  the  child's  ho<3p,  keeps  it  upright  in  rolling,  drives  it 
along,  or  raises  it  up  to  overleap  elevations  on  its  way.  Snpx>ose  the 
toy  to  be  placed  on  a  steep  inclined  descent;  gravity  will  cause  it  to 
roll  to  the  bottom.  If  beyond  this  an  ascending  plane  follows,  the  hoop, 
urged  forward  by  momentum  of  acquired  velocity,  will  rise  to  a  height 
equal  to  that  of  fall,  minus  the  losses  by  friction  on  the  soil  and  by  air 
resistance.  But  if,  instead  of  utilizing  gravity  alone,  we  accelerate  the 
hoop  with  the  wand,  it  will  run  up  much  higher  than  the  point  it 
started  from. 

Let  us  suppose  further,  when  the  hoop  is  about  to  ascend,  we  can 
displace  the  ascending  plane,  in  contrary  direction  to  the  toy's  course, 
so  that  the  plane  shall  glide  under  the  hoop,  then  we  would  still  more 
assist  the  ascension,  by  adding  a  supplementary  force,  independent  of 
the  others,  and  whose  resultant  would  likewise  be  an  uprise. 

Let  us  now  re-consider  the  action  of  the  vivifying  current  of  air  upon 
the  bird. 

If  the  gust  of  wind  o<;curs  just  where  the  bird  is  going  with  the  wind, 
its  effect  is  akin  to  the  blow  of  the  wand  on  the  hoop;  it  stores  up 
energy  and  economizes  descent,  hence  the  bird  profits  to  that  extent 

If  the  gust  occurs  when  the  bird  faces  the  wind,  then  the  sustaining 
plane  is  gliding  beneath  him,  and  the  resulting  pressure  causes  him  to 
ascend ;  therefore  again  profit  results  in  ari  uprise,  nowise  connected 
with  antecedent  fall. 

If  the  wind  gust  occurs  when  the  bird  is  on  the  quarter  sweep, 
forward  or  back  of  the  wind's  course,  it  still  exerts  contributory  rise; 
there  is  always,  in  each  case,  an  impulse,  a  thrust  from  foreign  source, 
which  the  bird  profits  by;  or  else  a  saving  of  acquired  momentani, 
which  the  creature  transforms  into  uprise. 

But,  after  all,  these  explanations  avail  only  for  the  public,  curious  to 
know  why.  They  neither  corroborate  nor  disprove  the  fact6.  Whether 
we  understand  and  mathematicallydemonstrate  the  mechanics  of  sailing 
flight,  or  whether  we  fail  in  the  attempt,  the  result  is  the  same.  There 
remains  always  the  demonstration  produced  by  the  Great  Master,  who 
in  His  wisdom  has  implied :  "If  you  understand  it,  it  is  well;  if  you  do 
not  understand,  'tis  to  be  regretted;  but  in  any  case,  look!  that  is  the 
way  'tis  done!  I  exhibit  it  all  day  long,  not  in  a  dark  corner,  but  in 
the  blue;  and  if  you  can  not  eventually  profit  by  the  lesson,  you  will 
really  deserve  never  to  join  me  in  the  skies." 

Thus  acts  the  bird ;  he  demonstrates.  We  see  the  demonstration ;  and 
what  more  can  we  do  with  a  formula  which  leads  to  no  result!  What 
testimony  is  an  explanation  more  or  less  clear!  Can  there  remain  a 
doubt  as  to  the  fact  of  sailing  flight,  Avhen  the  proof  is  evident  and  visible 
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every  day!  The  bird  woiks  no  magic,  ho  does  not  violate  natural  laws. 
We  have  not  as  yet  rigorously  explained  these  multi£a.rious  decomposi- 
tions of  forces  because  they  are  all  complicated  by  movement  and  by 
life;  but  they  are  demonstrated  each  instant,  and  they  constantly  invite 
us  to  imitate  a  mode  of  motion  which  can  not  be  bevond  our  attributes 
any  more  than  the  feats  of  equilibrium  which  we  perform  unconsciously 
ever>'  moment  of  our  lives. 

We  appreciate  well  enough  the  acts  of  walking,  of  leaping,  of  gym- 
nastics, of  the  velocipede:  have  the  manobuvers  which  maintain  their 
stability  been  calculated  mathematically!  No,  they  have  not.  Our 
vital  instinct  suffices  for  such  action,  not  only  accurately,  but  with  all 
rapidity  required  by  the  need.  Thus  will  it  be  assuredly  for  that  remain- 
ing problem  of  equilibrium  which  resembles  the  others  so  greatly — ^the 
sailing  on  the  wind;  for  man's  life,  that  wondrous  reservoir  of  uncon. 
scious  science,  will  certainly  prove  equal  to  this  new  achievement. 

The  main  requirement  will  be  skill.  The  knowing  how,  and  when, 
and  why,  each  act  is  to  be  performed,  to  be  expert  in  all  possible  manubu- 
vers  required  to  produce  various  results  or  to  meet  contingencies;  in 
fine,  the  man  must  thoroughly  kDo.w  his  business — as  a  bird,  a  soaring 
bird,  just  as  he  knows  in  time  his  business  as  a  swimmer,  a  skater,  a 
bicycle  rider,  an  acrobat — and,  in  short,  as  an  expert  in  any  gymnastic 
exercise. 

Speed  of  the  wind. — For  the  sailing  birds,  the  wind  is  the  source  of  all 
good  gained  while  sustained.  No  wind,  no  ui)ri8e,  no  sailing  flight  pos- 
sible ;  therefore,  in  a  dead  calm,  they  are  all  on  the  perch.  Now,  what 
le;ist  velocity  of  wind  can  support  and  upraise  the  most  expert  soaring 
birds  ? 

Observers  may  fancy  they  see  kites  and  vultures  ascending  in  dead 
calm.  'Tis  an  impossible  feat.  There  must  absolutely  be,  at  a  certain 
height,  a  cuiTent  in  the  air,  perhaps  indiscernible  to  the  eye,  but  nev- 
ertheless revealed  to  the  experienced  observer  by  the  bird's  manoeuvers. 

The  sailing  bird,  rising  during  a  calm,  generally  flaps  his  wings  till 
he  is  up  one  hundred  yards.  At  that  elevation  he  begins  to  circle, 
partly  gliding  partly  flapping;  then  he  diminishes  his  beats  as  the  ele- 
vation increases,  and  finally  stops  them  altogether;  this  proves  that 
Ihe  air  is  motionless  only  near  the  ground. 

It  is  well  known  that  there  is  almost  always  a  strong  current  of  air 
at  prominent  altitudes;  we  leave  the  valley  where  absolute  stillness 
reigns,  and  on  the  mountain  top  we  find  a  lively  breeze.  A  light  zephyr, 
fanning  the  spring-li  vc  day,  which  we  can  not  miscall  a  wind,  is  blowing 
however  a  hundred  yards  above,  some  twenty-two  miles  per  hour,  as 
proved  by  accurate  observations  made  by  myself,  by  means  of  bursting 
lire- works,  bombs,  whose  smoke  is  most  sensitive. 

When  the  wind  is  decidedly  perceptible  at  the  surface  of  the  ground, 
it  jrre^tly  exceeds  twenty-two  miles  an  hour  at  an  altitude  of  1,000 
feet.     A  gooii  wind,  a  fresh  sea  breeze,  one  in  which  the  sailor  takes 
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in  no  reef,  but  keeps  an  eye  on  his  sails,  is  found  to  blow  forty-four 
miles  an  hour  1,500  feet  up  above  the  sea.  The  great  North  wind 
measured  by  the  transit  of  the  cloud's  shadow,  blows  from  67  to  81 
miles  per  hour,  while  a  violent  "Kamsin"  at  a  height  of  500  yards  show 
incredible  speed. 

In  this  terrible  wind,  a  tawny  vulture  moving  with  it,  has  a  frigb 
ful  velocity;  in  a  moment  it  has  traversed  the  field  of  vision,  say  (for 
bird  of  that  size)  four  or  five  miles. 

These  are  the  tempestuous  winds  which  expatriate  the  bii*ds,  whic 
cause  the  creatures,  after  a  day's  journey,  to  find  themselves  3,0( 
miles  from  their  own  habitat. 

These  enormous  velocities  are  proved  by  actual  facts.  The  balloc 
"Ville  d'Orleans,"  which  left  Paris  during  the  siege  at  11 :4o  p.  3i 
arrived  next  day  near  Lifield  (Norway)  at  3 :40  p.  m.  Say  900  miles  i 
15  hours,  or  60  miles  an  hour.  The  balloon  launched  at  the  coronatic 
of  Napoleon  I,  travelled  during  seven  consecutive  hours  at  a  speed  ( 
about  90  miles  an  hour.  During  a  long  summer's  day,  say  18  hoiirSi 
bird  swept  away  by  such  a  current  of  air,  and  rowing  in  the  saui 
direction,  might  travers  1,800  miles^     ...  * 

What  splendid  journeys  a  powerful  wind  might  enable  man  U)  uiak 
if  he  could  navigate  the  air!  But  let  us  entertain  no  illusions;  it  wi 
be  the  accident,  not  the  i-ule.    -     -     - 

Let  us  now  consider  every  day  winds,  those  of  moderate  velocit; 
Observation  indicates,  by  comparing  birds'  progress  with  that  of  rai 
way  trains,  that  the  slow  flyers  go  at  most  25  miles  an  hour,  an 
that  birds  well  endowed,  such  as  the  turtle-doves  and  the  large  sailin 
birds,  in  full  flight  through  space,  get  over  some  37  miles  in  the  liou 
So  that,  for  general  use,  we  may  assume  a  speed  of  a  little  over  a  «u 
in  two  minutes,  as  a  probable  achievement,  if  man  sails  on  the  wiiii 

If  the  problem  can  be  worked  out,  if  the  skill  be  acquired,  this  is  tl 
rate  of  translation  man  may  expect  to  cx)mpass,  leas  perhaps,  rath< 
than  more.  But  it  is  a  fair  promise.  He  may  journey  300  to  400  iuil< 
in  the  day  of  10  hours,  with  no  expenditure  of  power  whatever,  for  tl 
wind  will  do  the  work. 


Velocity  of  the  bird. — The  speed  of  the  bird's  translation,  consider 
generally,  especially  for  sailing  birds,  is  composed  of  the  bird's  v 
locity  with  that  of  the  wind.  With  flapping  birds  the  case  is  differen 
and  the  speexi  results  from  three  factors;  the  speed  of  wind,  the  the( 
retical  speed  of  the  bird  (which  is  to  be  estimated  as  if  he  were 
sailer),  and  the  additional  speed  pro<iuced  by  personal  exertion.  Thi 
latter  speed,  already  object  of  many  exi>eriments  within  doors,  and  ( 
reams  of  calculations,  nowise  interests  the  observer  who  watches  tli 
sailing  bird  in  all  the  simplicity  of  its  flight.  We  therefore  will  cor 
sider  only  the  lesson  to  be  learned  from  practical  performances. 
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To  measure  aecurately  the  speed  of  translation  of  the  bird,  we  can- 
lot  survey  him  in  the  air,  for  we  have  no  reference  points.  It  is  to 
lie  bird's  shadow  upon  the  ground  that  we  must  direct  our  attention, 
rills  shadow  is  easily  followed  by  the  eye;  it  may  be  gauged  by  the 
rpced  of  a  horse,  of  a  chance  donkey,  a  dog,  a  carriage,  or  a  railway 
Tain;  and  thus  we  get  sure  data  and  trustworthy  points  of  comparison. 
Por  iustructive  observation  it  is  well  to  study  many  models,  and  to 
live  close  to  them. 

For  instance,  as  1  write  these  Unes  two  families  of  domesticated 
ravens  are  withhi  a  few  yards,  awaiting  for  the  food  I  am  about  to 
throw  to  them.  On  the  mosque,  in  front,  my  pet  kites  are  perched, 
waiting  my  appearance  to  plunge  towards  me,  at  the  least  gesture  I 
may  simulate  of  casting  meat  to  them.  Thus  I  can  closely  view  this 
expert  at  full  speed,  for  there  are  two  of  them  which  snatch  their  pit- 
tance from  my  hand. 

riiere  are  endless  battles  between  ravens  and  kites  and  among  kites 
tlieni selves,  and  battle  always  brings  the  performance  of  feats;  con- 
Jtau-tly  does  the  kite  turn  over  back  downward,  this  being  a  favorite 
'gfliting  ix)8ture  with  all  the  eagle  tribe.  I  often  see  two  kites  lock 
'aws  up  in  the  air,  clutched  fast,  and  thus  locked  spin  down  hun- 
r^^isof  yards. 

^'^hen  a  great  wind  blows,  the  observation  is  wonderfully  interesting. 
>  tiTy  to  explain  these  complicated  movements  with  mathematical 
rtr^nlie  seems  a  farce.  Their  mere  description  is  difficult  enough; 
'^^  then  can  we  fasten  within  algebra's  rigid  rules  the  evolutions,  the 
*^^,  the  stratagems,  which  shift  with  each  wind  gust,  \iith  each 
^^^^!  It  is  like  an  attempt  to  calculate  the  foot  pounds  expended  by 
>y  xnnast  during  his  exercises,  or  the  thermal  units  utilized  in  a  strug- 
^  l>etween  two  athletes. 

^^^hat  is  most  known  concerning  the  speed  of  birds  is  generally 
le,  for  they  do  not  lend  themselves  to  accurate  experiment.  The 
of  flapping  flight  is  pretty  well  indicated  by  the  carrier  pigeons, 
-,  by  a  dead  calm,  cover  from  33  to  5()  miles  an  hour,  according  to 
^<iiea, 

^^^e  know  that  the  turtledove  Hies  faster  than  the  wood-pigeon,  its 
^^^>^*ity  being  about  50  miles  an  hour.  Ducks  and  teals  have  sn^eater 
^^tness  still,  but  it  is  difficult  to  determine  how  much.  Moreover, 
^*  effective  speed  is  governed  by  the  force  and  direction  of  the  wind. 
^*^  therefore  almost  impossible  to  be  exact  as  to  the  speed  of  flapping 
^^Xs,  and  the  question  possesses  small  interest  for  him  who  thinks 
^^   soaring  birds  to  be  the  true  model  to  imitate. 

*^he  sailing  birds  afibrd  an  occasional  chance  of  measuring  their 
V^^*d  of  flight,  which  naturally  varies  with  the  wind,  but  which  always 
^*^^!straces  the  advantage  of  ma«s.  There  often  is  a  race  between  three 
"^^il.s  of  different  size;  the  tawny  vulture,  the  Egyptian  vultiin',  and 
^^^*ikite. 
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Near  the  ''  Abbassich ''  gate  at  Cairo,  amid  muuutaius  of  potsheixis, 
dead  animals  are  deposited  by  the  scavengers.  They  are  not  boned; 
there  is  no  need,  for  between  vagrant  dogs  and  rapacious  birds,  they 
are  eaten  up  in  a  few  hours.  As  soon  as  the  carcass  has  been  laid 
down  and  the  knackers  have  finished  skinning  it,  carniverous  birdn 
appear.  They  pass  in  the  zenith  of  the  observer  and  arrive  at  their 
destination,  all  the  time  visible  through  the  telescope.  The  distance  is 
known,  and  only  the  time  need  be  noted  which  is  consumed  in  the 
journey. 

This  trip  is  pertbrmed  with  the  same  velocity  by  the  three  biids 
named,  but  the  force  expended  is  evidently  much  less  when  the  mass 
is  great.  The  actual  speed,  of  coui'se,  varies  with  the  velocity  and 
direction  of  the  wind.        -        .        . 

As  a  final  result,  deduced  from  such  daily  observations,  I  think  that 

I  closely  approximate  the  fact  when  I  state  that  a  kite,  soaring  to 
survey  the  hunting  ground  beneath  him,  has  a  mean  proper  speed  of 

II  miles  an  hour  when  the  wind  blows  also  11  miles  an  hour;  this  is  the 
sailing  bird  which  seems  able  to  obtain  support  with  the  feeblest  cur- 
rent of  air.  The  tawny  vultures,  in  order  to  rise  on  such  velocity  of 
breeze,  need  to  unfurl  their  entire  possible  wing  surface.  For  them  it 
seems  that  the  wind  velocity  should  be  at  least  17  miles  an  hour  to  b^ 
in  full  accord  with  their  faculties. 

Effect  of  speed. — ^Theorists  frequently  set  themselves  this  problem  = 
What  is  the  power  required  to  obtain  support  in  the  air! 

The  lifting  force,  (ascensional  power  if  you  please  so  to  call  it),  is^ 
under  many  circumstances  so  slight  that  it  may  be  neglected,  ani 
is  reduced  to  the  force  necessary  to  sustain  the  apparatus. 

In  soaring  flight  this  ascensional  power  is  only  indispensable  wheit- 
there  is  no  wind.    The  problem  would  be  better  stated  thus:  Whats 
velocity  must  be  imparted  to  an  aeroplane,  bird  or  machine,  in  order' 
that  it  may  be  sustained  on  the  air  and  may  rise!    Now  for  this,  a* 
for  all  aspects  of  this  problem,  we  find  a  solution  provided  by  nature- 
Birds  whose  pectoral  muscles  have  not  i)Ower  to  raise  them  bodily 
are  not  rare.     Sailing  birds  can,  unaided,  compass  but  little  rise; 
especially  the  very  large  birds.    A  tawny  vulture  can  not  rise  20  yard* 
on  a  start  of  45^;  he  can  not  rise  10  yards  vertically.     So  this  kingot" 
soarers  may  be  kept  a  prisoner  in  a  roofless  cage,  provided  the  sides  or 
walls  are  20  yards  high  and  20  yards  apiirt.    Among  birds  with  nar- 
row wings  this  peculiarity  is  still  more  marked. 

The  Swift,  this  wild,  darting,  rustic  inhabitant  of  the  air,  can  not 
rise  vertically  6  feet.  It  is  perfectly  caged  in  a  large  box  without  * 
cover,  and  yet  if  any  creatnre  is  thoroughly  equipped  for  flight  it  is  he. 
The  same  is  true  of  the  large  sea  birds.  A  frigate  bird  is  imix)teiit 
with  less  than  a  certain  sjMice  to  perform  its  evolutions,  whereas  as  s<x)ii 
as  the  two  birds  I  have  named  have  acquired  speed,  or  are  launched  iu 
a  current  of  air  (which  amounts  to  the  same  thing),  they  become  forth- 
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th  one  the  dasbin^  swift,  and  the  other  the  tireless  frigate  bird  and 
is  tells  the  whole  storv. 

I  may  here  formulate  an  axiom:  No  speed,  no  flight. 
I  once  had  a  curious  problem  to  solve,  based  on  the  above  princii>le. 
was  years  ago,  and  I  was  in  Algeria ;  so  fjir  as  I  now  rembember,  it 
is  in  1864,  in  the  spring.  I  alreaily  understood  the  problem  pretty 
»11,  and  with  a  11'  help  and  better  surroundings  I  might  have  suc- 
eded  in  imitating  the  birds.  I  appreciated  the  possible  results;  per- 
•ps  the  French  collapse  of  1870  would  have  been  averted,  the  Russo- 
irkish  war  might  have  remained  in  Umho^  nations  might  have  gained 
sedom,  or  Asia  might  have  invaded  Europe  with  countless  throngs; 
ho  knows!  But  why  si>eculatef  Let  us  leave  all  that  aside. 
I  was  saying  that  one  tine  morning,  in  the  port  of  Algiers,  I  had  gone 
)  the  harbor  to  look  over  the  fish  caught  over  night.  This  was  my 
ay  of  studying  the  dogfish  and  the  form  of  the  great  submarine 
dimmers,  etc.  There  I  ran  across  a  peddler,  who  instead  of  fish  had 
•iDe  sea  birds  for  sale.  There  were  some  fifty  of  them.  1  did  not  at 
St  know  what  kind  of  birds  they  were,  but  after  a  while  I  recognized 
>ni  to  be  '*  procellarise,"  variety  Puffinun  kuhlli,  or  stormy  petrels, 
I'oh  I  had  already  seen  at  sea,  but  only  afar  off.  .Vs  they  were  cheap, 
■"^ated  myself  to  four,  and  then  I  took  the  train  at  8  o'clock,  and  at 
^    was  at  home  on  the  plain  of  Mitidja. 

fc  was  my  object  to  examine  and  measure  these  birds,  and  then  to 
fhem  at  liberty  when  1  was  tired  of  them.  I  therefore  deposited 
^^1  on  the  water,  in  a  little  duck-pond,  near  my  farm.  Here  I  think 
fc»y  be  well  to  give  a  short  description  of  this  bird,  so  that  persons 
^  are  not  acquainted  with  it  may  fiilly  appreciate  all  my  mishaps. 
1-ie  petrel  is  a  bird  about  the  size  of  a  small  hen.  By  referring  to  my 
i^,  (The  Gull  type,)  p.  433,  it  will  be  seen  that  it  weighs  1.65  x)Ounds, 
b  its  spread  of  wings  is  4.10  feet,  by  a  width  of  only  5  inches.  Thus  its 
i  pment  for  flight  consists,  as  it  were,  of  two  drumsticks,  which  only 
t^iit  its  launching  forth  under  special  conditions.    We  may  form  a 

idea  by  imagining  a  pullet  equipped  with  two  flat  rules,  such  as 
^^ghtsmen  use,  in  lieu  of  wings.     The  legs  are  long,  delicate,  and  feeble ; 

feet  are  webbed.     The  bird  can  scarcely  walk ;  it  runs  8  or  10  stei>s, 
^i  stops  as  if  fatigued. 

ty  four  birds,  set  on  the  pond,  did  nothing  in  particular;  they  seemed 
^ave  no  notion  of  taking  flight.  1  took  up  one,  the  weakest  one,  and 
^  rew  it  into  the  air  sufficiently  high.  It  undertook  to  fly,  craslied 
^inst  a  wall  and  knocked  its  brains  out.  I  was  vexed;  I  took  a 
oud  bird  and  earned  it  upstairs;  to  the  first  floor.  This  second 
^l  was  sick;  it  fell  so  stupidly  that  I  allowed  the  dog  to  strangle  it. 
1  U)ok  a  third,  and  I  took  my  oath  that  day  to  see  a  stormy  petrel 
ftiU  flight.  To  bring  this  about,  I  went  to  the  top  of  my  observa- 
*y,  which  was  several  feet  higher  than  the  peak  of  the  roof.  Thence 
'Minched  the  creature  into  the  air.  That  ])oor  devil  of  a  bird  had  no 
H.  Mis.  114 27 
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better  luck  than  the  others;  he  flapped  his  wings  vigorously,  sinkiug 
downward,  and  just  as  I  believed  him  to  be  fairly  under  way,  he  struck 
a  post  and  broke  a  wing. 

I  must  own  that  I  was  not  pleased  with  my  purchase,  and  there  was 
good  reason.  To  spend  good  money  in  conferring  liberty  on  captives, 
to  rack  my  brain  about  them,  to  carry  them  up  to  the  roof  of  the  house, 
aud  ihen  to  fail  flat,  this  was  hard  luck. 

There  was  still  one  bird,  a  forlorn  hope.  1  had  got  it  into  my  head 
that  I  must  see  this  bird  in  full  flight  and  I  was  determined  not  tx) 
miss  my  aim  this  time. 

I  reflected  a  long  wliile;  at  last  an  idea  struck  me,  and  here  was  the 
result. 

Less  than  a  mile  from  my  farm  there  was  an  open  tract,  naked,  bare 
of  grass,  flat,  smooth  as  a  mirror.  It  struck  me  that  these  conditions 
were  somewhat  analogous  to  the  surface  of  the  sea  in  a  calm. 

I  carried  thither  my  No.  4,  who  appeared  to  be  just  a*j  stupid  as  his 
three  predecessors.  I  set  him  down  on  this  extended  area,  and  retired 
to  a  distance.  Tlie  creature  remained  squatted  down  for  a  good  while, 
then  he  turned,  with  his  beak  to  the  wind,  and  he  stretched  his  wings. 
Then  he  showed  me  that  I  had  refle<;ted  to  some  purpose. 

He  started  running  and  beating  his  wings,  which  were  not  hampered 
by  any  herbage,  and  ran  in  this  way  about  10^  yards,  carrying  his 
weight  less  and  less  upon  his  feet,  and  finally  all  on  his  wings,  but  all 
the  time  skimming  the  giound.  At  last,  with  a  single  bound,  catching 
the  wind,  he  rose  some  60  feet,  returned  towards  me,  and  as  he  glanced 
by  on  his  way,  I  thought  he  said  to  me,  ''  Eemember  hereafter,  oh !  my 
preserver,  that  success  inflight  is  all  based  uponspeed.^ 

Effe<jts  of  Mass, — ^Among  birds  of  the  same  shape  and  same  muscular 
power  mere  difference  of  weight  produces  eflects  quite  varied,  and 
yet  all  of  a  piece. 

Let  us  note  how  a  diflftcult  exercise  is  performed  by  the  eagle,  by 
the  falcon,  and  by  the  lark,  all  three  being  perfectly  comparable  as  t* 
their  construction. 

The  eagle  remains  motionless  in  the  air,  on  rigid  wings,  using  only 
his  tail  to  balance  himself;  he  is  as  fixed  in  space  as  if  spiked  to  the 
sky.  The  falcon  also  remains  at  a  fixed  point,  but  he  beats  his  wings; 
while  the  lark  cannot  perform  this  maneuver,  under  the  same  atmos- 
l)heric  conditions,  without  painful  effort,  as  it  is  constantly  carried 
away  by  the  wind. 

This  law  of  disproportional  aptitude  for  flight  between  the  smaller 
and  the  larger  birds  constantly  deceives  the  eye  and  confuses  the 
data  gathered.    An  actual  example  will  exhibit  the  law. 

The  quail,  which  everybody  knows,  is  an  especially  heavy  bird.  It 
flies  with  gieat  eflbrt.   It  is  a  round  ball  with  two  small  wings  which 
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barely  sustain  it.  Yet,  a^^tually  measured  and  weighed,  it  presents 
the  following  surprising  results : 

It  weighs  only  0.92  pound  per  square  foot  of  sustaining  surface, 
body  and  wings,  and  this  is  less  than  the  flamingo,  which  weighs  1.56 
pounds  per  square  foot  of  surface,  and  yet  this  rosy  wader  is  generally 
thought  of  as  a  mere  pack  of  feathers.  Or  than  the  x>elican,  which 
weighs  1.36  pounds  i)er  square  foot,  and  which  flies  very  well-  Or  than 
the  stormy  i)etrel,  which  weighs  1.17  pounds  per  square  foot,  and  must 
depend  upon  speetl  for  a  living.  Or,  it  will  not  be  believed,  the  quail 
weighs  ac^tually  less  than  the  tawny  vulture,  which  weighs  1.47  pounds 
to  the  square  foot  of  surface,  and  yet  floats  for  whole  days  without  a 
single  flap.  And  yet  how  badly  the  poor  quail  flies!  Its  usual  course 
is  200  yards,  and  it  is  then  outflown,  it  pants  lor  breath. 

From  the  comparison  of  the  rates  existing  between  the  weights  and 
the  surfaces  of  the  birds  which  I  have  measured  and  inscribed  in  the 
tables  of  this  work,  I  may  deduce  a  general  law:  The  amount  of  pro- 
portionate surface  required  by  a  bird  for  a  given  mode  of  flight  dimin- 
ishes as  the  weight  of  the  bird  increases. 

The  exac^t  proportion  is  yet  to  be  deduced  from  more  complete  tables 
than  those  which  I  present,  and  from  experiments  to  be  made  upon 
the  sustaining  power  of  aeroplanes  constructed  upon  similiar  models, 
but  of  different  sizes,  and  loaded  with  ballast  until  they  produce  similar 
satisfactory  results. 

The  exact  advantage  obtained  through  large  mass,  while  indicated 
by  my  tables  in  a  decided  and  regular  manner,  is  somewhat  difficult  to 
formulate.  The  manner  of  increase  of  the  volume,  in  relation  to  the 
containing  periphery,  certainly  cuts  a  figure;  it  is  a  factor  to  the  credit 
of  the  larger  mass,  by  diminishing  the  relative  air  resistance;  this  is 
unquestionable.  Increasing  sustaining  surfaces,  on  the  other  hand, 
produces  increased  friction  and  resistance,  but  the  gains  and  losses  do 

not  increase  with  the  same  factors,  and  hence  result  complications. 

•  •••«#• 

We  might  reasonably  expect  that  the  area  of  surface  required  to 
sustain  each  pound  of  bird  would  be  a  fixed  and  definite  ratio;  any 
deviation  should  only  be  produced  through  gain  in  the  ratio  between 
the  volume  and  its  enveloping  surface,  or  through  loss  by  increased 
resistance  and  finction  of  the  sustaining  surfaces.  And  yet  it  is  not  so. 
The  tables  I  have  constructed  show  that  things  are  very  different;  they 
indicate  enormous  discrepancies. 

Thus  the  surface  of  3.62  square  feet  required  to  sustain  one  pound  of 
bank-swallow  is  reduced  in  the  tawny  vulture  (which  flies  and  is  sus- 
tained at  least  as  well),  to  0.68  square  feet  per  pound,  a  variation  of 
five  times  and  more. 

If  we  seek  an  explanation  for  this  phenomenon,  we  find  that  a  dis- 
turbing cause  always  brings  advantage  to  the  larger  mass;  it  is  the 
variation  in  the  coefficient  of  air  resistances  opposed  to  different  masses. 
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GoDtiuuiiig  our  study  of  the  effects  of  uiass  upou  flight,  we  shall 
notice  in  the  tables  that  as  the  weights  of  birds  vary  between  15 
grains  and  3.5  ounces,  the  peculiarities  of  their  flight  become  very  dif- 
ferent. From  3  ounces  up  to  10  ounces,  from  1  pound  up  to  2  pounds, 
from  5  {)ounds  up  to  10  pounds,  and  up  to  16  pounds,  there  are  as 
many  steps  in  the  increased  economy  of  power  and  support  in  the  air. 
So  it  seems  at  least  from  information  furnished  by  the  experts,  by  the 
birds.    -    -    - 

It  is  probable  that  the  benefits  to  be  derived  from  large  mass  con- 
tinue to  mal^e  themselves  felt  beyond  the  weights  comprised  iu  the 
tables,  and  that  up  to  some  200  pounds  the  law  remains  the  same,  or, 
to  express  it  in  another  way,  the  curve  of  variation  which  may  be  con 
structed  with  the  figures  contained  in  these  tables  would  continue  in 
regular  sw^eep  beyond  the  points  observed.    -    -    - 

When  we  observe  the  sailing  flight  of  the  Nubian  vulture,  whose 
weight  varies  from  17  to  22  pounds,  the  one  astonishing  thing  which 
strikes  us  immediately  is  the  great  steadiness  in  advancing.  When 
the  bird  has  set  his  course,  accidental  wind-gusts  do  not  seem  to  affect 
his  great  mass,  which  appears  insensible  to  them,  and  which  continues 
its  majestic  motion  without  disturbance.  An  aeroplane,  therefore, 
weighing  200  pounds  with  its  load,  ought  to  move  on  the  wind  with 
even  more  persistence  and  regularity  than  the  Nubian  vulture.  How 
will  it  be,  then,  when  from  200  pounds  we  pass  to  1,000  or  2,000  pounds 
in  artificial  flight?  We  may  rest  well  assured  that  unsteadiness  and 
accidents  of  the  flight,  under  equal  conditions  of  wind,  will  diminish  in 
a  still  greater  degree. 

For  weights  up  to  200  pounds,  intuition  furnishes  us  with  a  pretty 
sound  idea  of  what  manner  of  flight  we  can  get  on  the  wind;  we  have, 
as  it  were,  bench  irisirks  to  refer  to;  but  when  we  shall  come  to  weights 
of  a  ton  or  so  we  know  scarcely  anything,  and  as  for  10  tons,  we  are  iu 
the  dark  unknown.     However,  until  the  contrary  be  proved,  I  sha-U 
believe  that  the  advantages  shall  continue  to  grow  in  the  direction  of 
the  heavier  weights. 

EffecU  produced  by  (ujgregation  (in  flocks). — Observation  seems  fco 
show  that  birds  (whether  sailing  or  rowing  birds),  have  more  iwwer 
to  penetrate  the  air  when  they  are  congregated  in  flocks  than  when  fly ' 
iiig  singly.     -     -    - 

It  is  a  fact  well  known  to  sportsmen  that  a  charge  of  shot  soramm©^^ 
as  to  scatter  does  not  penetrate  as  far  as  when  well  rammed  so  as  t<^ 
act  as  a  single  ball.     •     -    - 

Birds  must  know  this  property  of  aggregated  bodies,  for  they  fr^' 
quently  avail  of  it.    Thus  the  pasHerines  make  no  long  transits  unless* 
grouped  in  close  order,  beginning  with  the  sparrows  which  have  a  well 
fixed  order  of  flight.    Pigeons,  ducks,  geese,  swan,  cranes,  etc.,  never 
travel  save  in  serried  ranks,  in  always  the  same  order  for  the  same 
si)ecies.    -    -    • 
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Pelicans  on  their  travels  arrange  themselves  in  the  form  oi'a  wed^e, 
which  from  a  distance  simulates  the  point  of  an  arrow.  Tliey  move 
with  a  curious  sluggishness,  and  with  the  ref»iilarity  of  iron  rolling- 
mill  machines.  These  enormous  palmipedes  sometimes  afford  a  most 
engrossing  spectacle.  I  remember,  cme  day  upon  the  Nile,  to  have  seen 
ii  dock  of  them  come  sailing  out  of  the  sky,  dropping  from  a  height 
where  first  they  seemed  as  swallows,  alighting  within  200  yards  of  my 
boat,  ui)on  cme  of  those  islands  of  gelatinous  mud  peculiar  to  that 
river.  I  followed  all  their  evolutions,  through  a  telescope,  and  the 
spectacle  last^lhalf  an  hour.  It  was  astonishing!  How  beautiful  were 
these  great  birds  in  their  wheelin5i:s  among  the  clouds!  From  afar  off* 
>ne  could  hear  the  hissing  of  theii  wings  cleaving  the  air,  their  hoarse 
[ifies,  somewhat  like  the  donkey's  bray,  and  even  the  slap  of  their 
iH'eat  feet  as  they  struck  the  liquid  mud. 

Thr  three  Hupports, — Each  family  of  flying  creatures  presents  in  the 
air  a  particular  aspei't,  which  it  is  interesting  to  study. 

There  are  birds  with  long  arms  and  others  with  short  arms;  some 
have  long  primary  feathers  and  others  have  them  short.     Some  birds 
have  hmg  narrow  wings,  others  have  them  thin  and  short.     Some 
wings  are  round,  some  are  square,  terminating  in  five  feathers  of  equal 
length;  others  again  run  to  a  point  in  which  either  the  third,  the  sec- 
ond, or  even  the  first,  ])rimary  feather  is  the  longest.     -     -     -     For 
what  particular  kind  of  weather  and  for  what  si>ecial  uses  were  these 
wing  forms  intended  ! 

When  nature  had  to  provide  a  large  bird  (and  we  need  only  concern 
ourselves  with  such)  with  Avings  for  rapid  flight,  she  made  these  wings 
small  and  narrow,  and  provided  powerful  pectoral  muscles,  as  witness 
the  dncks.  When  the  bird's  success  in  life  required  it  to  move  in  high 
^inds,  like  ocean  storms,  she  invariably  endow^ed  it  with  long  and 
narrow  wings,  to  avoid  friction,  as  witness  the  gull,  the  mew,  the  gan- 
iiet,  and  the  albatross.  When  she  determined,  as  in  the  case  of  the 
^agle,  to  ])roduce  a  powerful  creature,  to  create  a  great  hunter,  she  then 
endowed  it  with  her  best  gifts;  that  is  to  say,  with  the  aptitude  of  sail- 
ing indefinitely  without  fatigue  while  surveying  the  field.  For  this  she 
SJ^ve  it  the  wings  of  the  sailing  bird,  and  to  these  joined  powerful 
'notor  muscles,  so  that  it  might  flap  vigorously  in  case  of  need.  When 
•"^he  determined  only  to  provide  a  bird  with  the  faculty  of  remaining 
•ttthe  sky  without  fatigue,  she  endowed  it  with  two  things:  a  large 
™^*88  and  a  large  surface. 

-^  for  other  birds,  her  unfavored  children,  the  disinherited,  she  made 
•"♦^Wei-s  of  them,  and  they  drag  their  bodies  through  the  air  by  main 
"^fce,  flapping  and  fatigue. 

Let  us  now  inquire  as  to  what  relation  there  is  between  the  mode  of 
flight  of  a  bird  and  the  length  of  the  radius  and  of  the  ulna  in  propor- 
tion to  the  hand. 
Before  going  further  we  should  remark  that  the  lengthening;  of  t\i^ 
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forearm  coincides  with  tliat  of  the  arm ;  there  is  au  almost  constant 
relation  between  these  two  parts  of  the  wing,  but  there  is  a  decided 
divergen(!e  in  the  relation  of  these  two  parts  (taken  together)  with  tbe 
hand. 

Each  flying  family  is  proportioned  somewhat  differently;  these 
peculiarities  should  be  ascertained  by  detailed  and  minute  measnn^- 
ments,  but  in  their  absence  some  general  remarks  may  be  made. 

We  may  cover  all  genera  of  soaring  birds  by  the  two  types  we  pro 
ceed  to  specify. 

(1)  Among  soaring  birds  the  general  posture  of  their  wings  at  an 
acute  angle  of  about  100'^  (the  summit  of  the  angle  being  the  beak) 
corresponds  yrith  the  shortening  of  the  arm  and  fore-arm,  and  the 
excessive  lengthening  of  the  hand.  This  covers  rapid  soarers,  such  as 
swallows,  martins,  and  in  lesser  degree,  the  kites,  fish-hawks,  et<*. 
Let  us  remark,  by  the  way,  that  this  kind  of  soaring  necessitates  a 
powerftil  tail. 

(2)  In  the  extreme  opposite  tyi)e,  that  of  slow  soaring  birds  with  wide 
wings,  the  angle  mostly  aflPected  is  about  200°,  and  sometimes  more, 
and  here  we  notice  a  diminution  in  the  length  of  the  hand,  and  a  ^^at 
development  of  the  arm  and  forearm.  The  best  tyi)e  of  this  genus  is 
the  vulture.    In  the  latter  genus  the  tail  is  generally  small. 

There  is  however  a  family  of  sailing  birds  with  narrow  wing^s 
which  has  an  exaggerated  length  of  arm,  fore-arm,  and  also,  generally, 
of  the  hand.  This  is  the  family  of  the  Pelwanida\  comprising  four  or 
five  genera  which  are  constant,  paradoxal  sailing  birds. 

The  tropical  i)ha»ton  soars  AvonderfuUy.  The  Egyi>tian  i>elican  is  a 
charming  instance  which  can  be  cjlosely  studied,  for  it  is  easy  to  see 
him  in  full  sail  over  the  water.  But  the  frigate-bird  is  the  ne  plM$ 
ultra  of  soaring  creation,  the  eh^f  (Tceuvre  of  nature  in  that  direction; 
in  this  bird  the  lengthening  is  general,  the  arm,  the  forejirm,  the 
hand,  all  are  of  enormous  length;  therefore  the  creature  soars  fast  or 
slow  just  as  it  chooses.  It  is  perfec^t  of  it«  kind  but  of  no  use  ^  a 
model,  for  man  can  not  imitate  it.  Let  us  therefore  dismiss  it  in  this 
essay. 

Thus  we  have  reached  the  fact  that  the  two  extreme  tyj>es  of  soariug 
flight  are  the  martin  and  the  Nubian  vulture.  The  first  presents  its 
wings  at  an  acute  angle,  and  this  produces  instability  of  equipoise 
requiring  great  velocity,  just  like  the  velocipede  which  can  not  remain 
upright  unless  it  is  in  motion. 

Vultures,  on  the  contrary,  can  spreiwl  their  wings  at  a  re-entering 
angle.  The  two  wings  and  the  tail  then .  furnish  three  jjoints  of 
supi)ort,  upon  which  the  system  is  balanced.  The  relative  jx)8itionsof 
these  three  moveable  supports  govern  the  motion  and  the  speed. 
Therefore  the  variable  iH)sitions  i»f  these  three  supports  produce  all  the 
evolutions  of  those  avian  acrobats  Avliich  have  been  termed  soarers  or 
sailers.     The  variation  of  the  angles  between  these  points  of  support 
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>Vers  all  the  types  of  sailing  flight,  and  produces  all  the  manoeuvers, 
oiii  that  of  absolute  immobility  in  the  sky  to  tliat  of  vertical  fall; 
cm  great  velocity  to  thea<;tual  stopping,  from  going  forward  to  going 
a^^kward ;  for,  fi'oni  a  theoretical  standpoint,  backward  flight  or  back« 
ard  gliding  may  be  considered  as  feasible. 

Various  manceuvers. — ^To  write  concerning  the  manoeuvers  performed 
Y  soaring  birds  is  somewhat  like  attempting  to  descrioe  a  picture 
'  a  piece  of  music  in  words, — the  best  possible  description  will  never 
B  worth  the  roughest  sketch,  or  a  line  of  notes. 
However,  as  we  cannot  rest  content  with  always  preaching  observa- 
on  to  those  who  can  go  where  the  birds  are  to  be  found,  we  shall  try 

>  say  a  fe*  words  concerning  some  evolutions  of  sailing  winged  crea- 
ires;  for  before  man  dare  trust  himself  to  any  apparatus,  however  well 
esigned,  he  ought  to  know,  approximately  at  least,  what  may  be  done 
I  the  air  with  such  an  apparatus,  for  else  he  can  only  be  sure  of  the 
escent  to  the  ground. 

Birds  get  their  initial  start  in  many  ways.  For  most  of  tliem  this  is 
io  easiest  act.  Those  which  have  to  vanquish  the  gi-eatest  difficulties 
re  the  hirge  water  birds,  which  in  starting  from  water  or  ground  are 
>nipelled  t^  run  a  long  distance,  using  both  feet  and  wings,  in  order 

>  ^ain  the  speed  required  for  support.  This  applies  to  large  sea  birds 
ith  narrow  wings,  and  in  general  to  all  water  birds:  such  jis  the  geese, 
tie  swans,  the  pelicans,  etc. 

The  rowing  birds  simply  jump  into  the  air  to  take  flight;  their  pec- 
>ral  muscles  are  so  powerful  that  they  enable  them  to  get  supi)ort 
ithout  much  headway;  moreover  this  leaj)  possesses  great  energy; 
bis  may  be  realized  by  watching  the  leaps  of  a  large  passerine  bird 
eprived  of  his  wing  feathers,  such  as  a  raven  or  a  magpie;  one  single 
3ap  sends  them  up  three  feet. 

The  smaller  the  bird  the  greater  is  this  initial  leap  in  proportion;  as 
ritness  the  blackbird,  the  lark,  and  that  life-spark,  the  tomtit.  Among 
he  birds,  the  strength  of  the  legs  follows  the  same  law  as  that  of  the 
sectoral  mus<;les;  it  increases  in  proportion  as  the  weight  diminishes. 
n  fact,  a  nightingale  or  a  sylvia  use  their  wings  when  in  a  thicket 
lily  as  an  aid  to  equilibrium  and  as  directing  power. 

The  plovers,  certain  scolopax,  the  tringas,  etc.,  get  into  flight  by  pre- 
ious  running.  The  larger  number  of  the  great  waders,  the  large  vul- 
ures,  etc.,  also  get  their  start  by  running,  if  on  the  ground,  but  a« 
oon  as  they  can,  they  abandon  the  running  steps  for  a  series  of  lea|)s 
ihich  continue  as  long  as  their  feet  can  touch  the  ground. 

Birds  of  prey  in  general  have  two  methods  of  getting  under  way. 
rV'hen  they  start  from  the  ground,  with  or  without  a  prey  (except  vul- 
nres),  they  always  enter  into  action  by  a  leap  measuring  a  yard. 
iVTien  they  are  on  the  ]>erch,  being  always  at  great  heights,  they  sim- 
ply launch  into  space  and  S]>read  their  wings  open  to  get  under  full 
notion. 
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('oining  to  a  rest  is  always  a  serious  business  for  a  large  bird,  and 
s(M»ins  to  becjonie  more  so  the  heavier  they  are.     (ieuerally  they  manage 
to  fjiee  the  wind,  and  thus  to  extinguish  in  part  their  velocity.    A 
])ijt»eon  without  experience,  alighting  Avith  tail  to  the  wind,  is  generally 
upset  and  tumbled  over.     In  a  state  of  nature,  a  wild  bird  knowing 
his  business  perfectly,  never  misses  making  a  safe  lauding.    When 
the  wind  is  high,  the  heavier  birds  of  large  surface  perfoim  wonders 
in  ex)ming  to  a  rest.    An  eagle  alights  with  incredible  lightness;  the 
shock  is  no  greater  than  that  due  to  a  4- inch  fall. 

When  there  is  no  wind,  the  winged  experts  who  dislike  to  be  jarred 
adoi)t  another  way.  They  glide  upward,  the  steeper  the  slant  the  bet- 
ter, and  by  thus  o])posiug  gravity  t;0  speed  they  completely  extinguish 
the  inertia  of  their  motion,  rising  as  high  as  may  be  required  before 
coming  to  rest. 

When  man  comes  to  experiment  with  an  aerial  apparatus  the  bird's 
mode  of  alighting  will  needs  be  studied  a  outrance.  The  man  may  add 
ii  lot  of  embellishments,  such  as  elastic  nets,  beds  of  straw,  suspended 
(!ords  with  ehistic  connections,  rings  for  attachment,  watery  beds  for 
floating  machines,  etc. 

The  act  of  alighting  is  the  terror  of  all  winged  creatures.  There  is 
especially  one  class  which  dreads  (and  with  reason)  even  the  smallest 
fall ;  these  are  the  waders.  Therefore  do  they  possess  great  propor- 
tional wing  surface,  which  perhaps  may  be  intended  to  allow  them  to 
come  to  rest  without  the  risk  of  breaking  their  long  legs.  Happy  are 
the  birds  which  alight  uiK)n  the  water.  The  reader  doubtless  has  seen 
a  swan  come  down  to  his  liquid  bed;  it  is  a  striking  spectacle;  they 
plow  deep  furrows  with  their  palmed  feet;  the  jets  of  water  and  the 
foam  which  they  raise  with  great  fuss  attracts  attention  forcibly. 
This  is  the  mode  of  coming  down,  simple  and  practicsU;  which  man 
must  [)onder  well,  and  try  to  imitate.     -    -     - 

OBSERVATIONS  OF  BIRDS. 

I  give  in  the  following  pages  some  data  concerning  birds,  which, 
<although  scant  in  extent,  have  required  from  me  many  long  years  of 
hunting.  1  now  have  but  the  later  specimens;  two-thirds  of  those  I 
had  gathered  have  perished  in  numerous  removals — ^they  have  been 
lost,  forgotten  or  abandoned. 

It  is  not  enough  to  kill  a  bird :  this  must  be  done  under  favorable 
circumstances,  that  is  to  say,  we  must  have  two  things  which  are  not 
always  at  hand — scales  to  weigh  the  creature  directly  after  death, 
and  appliances  for  measuring  and  calculating  its  surface. 

Birds  sold  on  the  market  in  the  towns  of  Europe  are  generally  unfit 
to  gather  data  from,  because  they  have  been  drawn  or  are  dried  up, 
and  the  exact  weight  can  not  be  ascertained.  Among  fifty  rare  bii*ds 
which  have  been  sent  to  me,  only  three  could  be  utilized;  all  the  others 
lacked  something  or  other  and  had  to  be  rejected.    One  of  the  latter 
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was  a  curious  bird;  it  was  brouglit  from  tlie  81ioa  (•X)uiitry  by  the  ex 
plorer  Arnoiis;  but  what  could  1  do  with  a  bundle  of  primary  leathers 
and  a  few  hirge  secondaries?  I  could  only  say,  after  examining  them 
that  if  these  were  feathers  of  the  griftbn,  that  bird  attains  an  extraor- 
dinary size  in  that  region,  for  the  longest  feather  was  at  lea^st  as  large 
i>s  that  of  the  condor  and  was  29^  inches  long.  It  may  have  belonged 
tou  great  unknown  vulture  of  (Central  Africa,  the  existence  of  which 
I  suspect  from  the  accounts  of  Abyssinians.  If  so,  it  must  be  upon  the 
old  continent  the  analogue  of  the  harpy  of  the  Amazon  River. 

I  was  in  possession  for  many  years  of  the  most  beautiful  eagle  which 
I  have  ever  seen;  neither  Paris  nor  Geneva  possessed,  to  my  knowl- 
edge, anything  its  equal  in  figure  and  beauty.  Yet  I  (*an  furnish  no 
acciinite  data  of  eagle  mesisurements.  I  have  killed  over  a  dozen,  and 
I  can  not  i)re8ent  one  of  them  to  the  reader.  However,  as  the  proverb 
goes,  we  can  not  give  what  wo  have  not  got;  so  I  give  the  best  infor- 
mation I  have. 

All  the  birds  I  present  were  weighe<l  when  fresh  killed.  As  to  their 
surface,  this  is  the  way  I  proceed:  I  spread  out  the  bird,  back  down 
wanl,  ui>on  a  large  sheet  of  paper,  the  wings  being  stret<*hed  out  into 
the  iittitude  of  their  flight  when  there  is  no  wind;  this  being  set  down 
in  the  tables  as  ''  wind,  0  per  second."  Sometimes,  when  the  wing 
happened  to  be  stiff  and  could  not  be  fully  extended,  the  attitude 
resembled  that  which  the  bird  assumes  when  there  is  a  light  breeze;  in 
such  cases  it  is  marked  on  the  table  as  '^  wind,  5  meters  per  second" 
(11  miles  per  hour).  Finally,  some  measurements  have  been  made  Avith 
the  birds'  wings  .adjusted  as  when  tliey  sail  on  a  good  wind.  In  such 
cases  they  are  headed,  ^*wind,  10  meters  per  second"  (22  miles  i)er 
hour). 

Once  laid  down  on  its  back,  well  adjusted  in  proper  attitude  of  sail- 
ing flight,  the  bird  is  made  immovable  by  weights,  these  being  plates 
of  lead  to  flatten  down  unruly  feathers,  and  two  or  three  large  masses 
of  lead  to  hold  the  wings  in  position  and  to  counteract  the  contraction 
of  the  muscles;  then  with  a  pencil  it  is  easy  to  trace  a  i)recise  silhou- 
ette. We  thus  get  the  total  projected  surface  of  the  bird — wings,  tail, 
body,  head  and  feet.  !Now,  if  we  oidy  measure  the  surface  of  the 
wings,  we  would  err;  for  when  under  way,  all  parts  serve  to  suppor, 
weight,  all  goes  to  form  an  aeroplane,  being  more  or  less  effective,  ac. 
cording  to  its  shape.  Assuredly,  we  might  neglect  the  feet  of  the 
waders,  as  being  nothing  but  an  impediment  which  the  creature  trails 
l>ehind,  but  as  to  the  body,  there  can  be  no  thought  of  ignoring  it,  for 
it  derives  much  support  from  the  air. 

We  may  now  say,  simply,  that  this  gives  us  the  surface  of  the  shadow 
of  the  bird. 

In  calculating  these  surfaces  we  must  proceed  with  patience,  many 
figures,  and  much  order.  There  are  a  dozen  triangles  t^)  compute  and 
four  or  five  i>arallelograms.     This  is  very  tedious  work.     We  pluck  uj) 
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courage  with  both  hands,  as  the  saying  is,  and  when  the  oi)eratl(m  id 
ended  we  may  say  that  this  is  another  stake  planted. 

When  the  weight  and  surface  are  ascertained,  we  next  measure  tlie 
spread  of  the  Wings  (alar  dimension)  and  the  mean  width  of  wing^ 
Which  two  hitter  indicate  the  proportions  of  the  aeroplane  of  the  birdi 
This  relation  is  indicated  In  the  tables  by  a  simple  proi>ortional  frac 
tion,  5:1  for  example,  which  indicates  that  the  width  being  1,  the  total 
spread  is  5. 

In  addition,  I  set  down  the  amount  of  surface  necessary  to  carry  1 
gram,  also  the  weight  sustained  per  square  meter,  and  finally  the 
aggregate  surface  required  to  support  80  kilograms  (176  pounds).  This 
weight  of  80  kilograms  corresponds  to  the  weight  of  a  man  equipped 
with  a  light  aeroplane.  The  figures  therefore  indicate  the  total  sur- 
face required  for  an  aeroplane  of  that  particular  type. 

In  order  not  to  present  at  random  (alphabetically)  the  different  kinds 
of  birds,  they  are  grouped  according  to  their  mode  of  flight.  This 
produces  strange  groupings;  all  ornithological  rules  are  boldly  vio- 
lated; the  charadrius  (plovers)  are  classed  without  hesitation  with  the 
vanellus;  even  classing  the  accipiters  (night  birds)  with  the  passerines 
(sparrows,  etc.),  which  is  an  infinitely  more  grave  dei)arture.  It  will 
thus  be  seen  that  similitude  in  flight  has  alone  been  taken  a<M*ouiitof. 

The  Rail  type. — Under  this  head  are  comprised  all  the  birds  whicfc 
in  flying,  hold  their  bodies  at  an  inclination  of  about  4o  degrees,  instead 
of  spreading  themselves  out  horizontally,  a  position  invariably  a^ssumal 
by  the  other  birds.  The  luarouettes  (rails),  the  different  rails,  the  water- 
fowls, and  the  domestic  fowls,  here  compose  this  branch  of  flyers. 

The  turkeys,  the  guinea-hens,  the  canepetieres,  and  the  peacocks  do 
not  form  part  of  this  class,  because  they  stretch  themselves  out  hori- 
zontally when  in  full  flight. 

The  above  class  of  birds  (rails),  although  they  fly  but  rarely  are  some 
times  compelled  to  make  long  journeys;  they  probably  then  utilize 
strong  winds  of  good  sustaining  force.  These  great  air  cniTents  have 
indeed  a  power  which  human  instinct  does  not  reveal. 

During  a  strong  sirocco,  blowing  at  least  20  meters  per  second  (45 
miles  per  hour),  I  have  compelled  Kabyle  poultry,  which,  to  be  sure,  fly 
somewhat  better  than  European  fowls,  to  take  extensive  flights,  during: 
part  of  which  they  soared  in  a  way  surprising.  The  guinea-hens  were 
by  this  violent  wind  sustained  in  the  air  with  an  ease  one  would  never 
suspect  in  a  gallinaceous  fowl. 

Here,  methiifks,  the  good  housewife  will  a^sk,  were  many  eggs  laid  on 
that  duyf  I  confess  that  this  did  not  disquiet  me.  I  would  have 
sacrificed  the  whole  barn-yard  for  such  a  beautiful  demonstration;  for 
after  all,  when  knowledge  is  .sought,  we  must  do  all  requisite  things  to 
arrive  at  that  knowledge,  even  to  the  sacking  of  the  poultry  yard,  if 
need  bo. 

My  ])oor  ])igeoiis!  what  a  time  tliey  liiui.     They  were  adjusted  in  all 
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sorts  of  ways.  Their  wings  were  clipped  short :  their  wingvS  were  length- 
ened out.  They  were  made  semi-long,  narrow  and  long,  narrow  ami 
short.  They  were  pieced  out  with  primary  feathers  from  birds  of  prey, 
thoroughly  fastened  on  with  glue,  and  pressed  on  in  the  vise. 

Tin's  is  what  happens  when  a  bird's  wings  are  altered;  when  tbe 
active  surfaces  are  changed  in  extent  and  fonn,  the  creature  being 
iu*customed  to  a  particular  mode  of  flight  starts  off  in  his  habitual  man- 
ner; but  his  organs  are  no  longer  adapted  to  produce  their  customary 
effects,  they  are  shaped  to  i3roduce  different  effects.  Thus  the  bird 
finds  itself  with  habitudes  and  instincts  for  one  mode  of  flight,  and 
with  a  new  arrangement  of  feathers  adapted  to  another  mode.  The 
latter  constantly  impresses  him  with  the  necessities  of  the  moment, 
and  these  necessities  comi)el  him,  willy-nilly,  to  fly  as  flies  the  other 
type  of  bird  which  has  been  forced  upon  him. 

Thus,  a  kestrel  falcon,  a  good  soarer,  who  had  his  nest  near  my 
observatory,  has  just  one-half  in  length  of  his  primary  feathers  cut  off; 
the  result  was  forcibly  to  transform  him  into  a  rowing  bird.  I  restored 
him  to  liberty,  and  as  he  remained  on  his  hunting  ground,  I  had  every 
opi)ortunity  to  observe  him.  Although  much  hampered  the  bird  was 
not  very  unhappy;  the  prey  sometimes  escaped,  but  he  made  up  for 
what  he  had  lost  by  increased  activity.  He  was  easily  singled  out,  for 
the  mutilation  gave  him  an  unusual  figure;  his  long  tail  seeming  longer, 
now  that  it  was  not  accompanied  with  two  long  wings,  and  it  attracted 
attention  from  afar.  And  so  he  had  to  row  constantly.  Once  in  a 
while  he  would  tty  gliding  in  the  old  fashion,  but  as  he  found  himself 
dropping  too  rapidly,  the  instin<*t  of  necessity  for  support  compelled 
him  again  to  beat  the  air. 

I  have  transformed  kites  into  stormy  x>etrels  by  clipping  off"  half  the 
width  of  the  wing  for  its  whole  length,  and  abolishing  the  tail.  The 
result  was  to  compel  them,  notwithstanding  their  habits  of  soaring 
u])on  light  winds,  to  await  instead  the  brisk  winds  which  alone  could 
sustain  them  without  fatigue. 

As  will  be  seen,  to  succeed  in  such  observations  we  must  absolutely 
control  the  bird  and  have  him  at  command.  Experiments  withincreased 
surfaces  did  not  succeed  as  well;  I  tried  them  on  pigeons,  and  on  two 
kites  who  were  old  neighbors  of  mine.  I  only  succeeded  in  producing 
birds  which  were  exceedingly  awkward  in  their  movements.  I  ought 
to  have  practised  upon  a  goss-hawk,  but  how  could  1  have  afterwards 
observed  such  a  mere  bird  of  passage,  whereas  the  kites  a  have  fixed 
habitat,  they  are  well  recognized,  so  that  if  there  is  an  important 
feather  missing  in  one  of  the  kites  in  your  neighborhood,  you  can 
recognize  him,  single  him  out,  and  consequently  observe  him. 

The  Hawk  type. — These  are  here  separated  from  the  great  fandly  of 
birds  of  prey,  because,  although  they  are  rai)tores,  there  are  between 
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the  two  divittions  profound  differences;  one  may  be  called  raptores  of 
long  flight  and  the  other  of  short  flight. 

Among  the  eagles,  the  falcons,  the  kites,  and  the  buzzards  the  primary 
feathers  are  long,  the  second  and  third  being  the  longest,  the  result 
being  an  acute-shaped  wing.  Among  the  hawks  the  fifth  quill  is  the 
longest,  and  moreover,  the  whole  combination  of  primary  feathers  is 
remarkable  for  its  shortness.  They  are  not  birds  of  extensive  flights, 
either  as  regards  elevation  or  duration ;  they  frequently  are  perched. 
They  comprehend  three  species — the  sparrow-hawk,  the  goss-hawk,  and 
the  harpy,  which  has  the  same  conformation  as  the  two  preceding,  and 
must  fly  in  the  same  manner.  I  do  not  know  the  manner  of  movement 
of  the  harpy,  never  having  seen  it  myself,  but  I  am  sure  of  being  right 
in  saying  that  its  gait  is  in  general  the  same  as  that  of  the  goss-hawk. 

Nature  has  meant  this  bird  for  a  forest  hunter.  Its  life  is  passed 
among  the  trees.  Its  forte  is  not  the  attack  of  a  hare  or  a  duck  in 
open  field;  it  would  not  succeed  in  that;  but  it  is  the  chase  after  other 
birds  or  after  mammals  under  the  trees.    The  powerful  tall  of  this  fam- 
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ily  of  birds  has  been  given  them  to  turn  short  corners;  they  needs  must 
seize  under  the  trees  a  pigeon  or  a  turtle  dove,  and  this  vigorous  rud- 
der enables  them  to  thread  the  innumerable  branches  and  trunks  of 
trees  with  all  required  velocity. 

Thei*e  is  another  bird  which  accomplishes  the  same  results  by  other 
means.    It  is  the  great  eared-owl  {Grand  due). 

Its  life  needs  are  the  same;  it  is  also  in  the  verge  of  the  forests  among 
the  trees  that  its  hunting  exploits  are  performed.  It  has  no  tail  to  speak 
of;  it  cannot  afford  it;  for  in  the  hole  where  the  bird  cowers  in  the  day 
time  a  tail  would  be  a  nuisance.  What,  then,  is  to  be  done?  The  bird 
brings  into  play  a  peculiar  aptitude,  l)orn  of  necessity;  this  is  a  mobil- 
ity and  an  extraordinary  power  in  the  mode  of  presenting  the  phines  of 
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s  wings.  Changes  of  plane  against  the  air  which  change  the  direction 
f  it«  flight  with  incredible  celerity.  No  other  flying  creature  has  thia 
ift  equally  developed. 

With  what  astonishment  is  the  flight  of  this  enormous  bird  beheld 
uder  the  trees !  No  such  dexterity  can  be  re-called.  Theobserver's  habit 
eing  to  see  birds  generally  proceed  in  a  straight  line,  it  renders  the 
ightofthe  great-eared  owl  fairly  stupefying;  it  seems  at  every  nio- 
leut  as  if  it  were  about  to  dash  against  a  tree,  and  yet  every  obstaxsle 
J  avoided.  It  flashes  silently,  horizontally,  or  even  vertically  through 
paces  where  there  would  seem  to  be  no  x)assage;  and  this  is  done  with 
bsolute  mechanical  precision,  without  hesitation  or  slackening  of  speed. 

This  is  truly  the  most  extraordinary  mode  of  flight,  but  it  is  a  rare 
ight  even  to  dwellers  in  the  country. 

The  Gull  type. — This  genus  teaches  one  thing,  namely,  that  in  order 
to  hover  or  to  penetrate  in  great  currents  of  wind,  the  resistance  of  the 


Fig.  3.— The  KiDgflsber. 

^I'oplane  must  be  reduced  to  a  minimum.  The  spread  of  wing  is  of 
^e  consequence  than  its  width.  When  we  think  of  it  this  is  rational, 
ut  it  must  be  confessed  that  nature  did  well  to  demonstrate  it,  for  it 
'^s  a  difficult  deduction  to  get  at.  The  table  shows  that  in  this  type 
^^  spreads  of  the  wings  is  from  6  to  10  times  their  width. 

The  albatross,  which  is  not  included,  must  greatly  exceed  this  pro- 
'^rtion,  for  travelers  mention  some  16  or  17  feet  as  the  extreme  spread 
"^  wings,  and  as  its  width  is  about  10  inches  we  have  for  this  bird  a 
•*t)portion  of  about  20  to  1. 

This  teaching  is  of  great  importance,  and  should  be  borne  in  mind 
^  the  design  of  aeroplanes  with  adjustable  surfaces. 
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^eal  and  Dnck  type. — These  birds  are  the  represeutatives  of  rapidity 
light.  They  flap  to  excess,  supplied  with  carbon  as  they  are  by  tlic 
kvy  layer  of  oily  fat  which  covers  their  pectoral  muscles.  This  is  the 
•e  to  imitate  for  aviation  with  motors.  These  birds  aftbrd  practical 
sons  as  to  methods  of  getting  under  way  and  of  alighting,  both  of 
ni  points  of  capital  importance. 

^liese  birds  need,  like  the  scolopax,  to  traverse  over  long  distances, 
m  one  lake  to  the  next,  and  as  they  are  weaponless  speed  is  their 
e  safeguard.  It  is  enough  for  their  safety,  for  they  are  never  at- 
&ed  in  the  air. 

The  eagle,  their  chief  enemy,  abandons  pursuit  as  soon  as  they  are 
^11  under  way. 

The  Pelican. — Here  is  a  wag  and  a  philosopher,  a  swift  sybarite, 
ounted  on  two  great  wing^. 

Where  is  his  nest  ?  Whence  does  he  come  to  us  ?  I  confess  I  hardly 
ttow.  I  merely  am  aware  that  we  see  a  good  deal  of  him  in  Egypt, 
reat  flocks  of  these  birds  are  found  on  the  inundated  lands,  upon  the 
le  Mareotis  and  the  Manzaleh  lakes.  There  are  even  some  in  the  city, 
)mestieated.  I  bought  one  for  a  dollar  in  the  Mouski.  Every  year 
ey  are  jK^ddled  in  Cairo  during  November,  December,  and  January. 


Fio.  4— The  IVIiraii. 


'^hat  a  droll  creature!  I  had  two  of  these  for  my  personal  friends. 
*^^y  were  more  ludicrous  than  will  be  credited.  But  I  must  abstain, 
^^  if  I  were  to  begin  telling  of  waggish  tricks  of  pelicans,  I  never 
^^W  be  done.  Let  humorists  treat  themselves  to  one,  and  have  no 
•*r  of  his  bill,  which  is  quite  inoflfensive,  and  they  will  have  their 
'oney^s  worth  of  amusement.  But,  drojiping  the  humoristic  feature 
'this  charming  animal,  let  us  attend  to  his  flight. 
The  pelican  possesses  a  peculiarity  in  his  structure;  it  is  an  exces- 
ve  length  of  arm  and  fore  arm.  He  is  without  a  tail.  His  center  of 
Kiillation,  or  the  limits  within  which  he  can  shift  his  center  of  gravity 
ithout  cx>mpromising  his  t^quipoise,  lies  within  the  branches  of  that 
H.  Mis.   114 28 
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great  flat  ^  which  is  outlined  by  his  extended  wings  and  body.  This 
is  the  disposition  of  parts  which  gives  him  that  equilibrium,  length- 
wise, which  his  rudimentary  tail  could  not  furnish. 

His  mode  of  flight  is  magniflcent.  He  rows  but  seldom,  for  as  soon 
as  the  wind  permits  he  becomes  a  sailing  bird. 

The  eftect  x^roduced  by  great  mass  is  always  surprising.  If  a  bird 
be  large  and  has  adequate  surface,  he  practices  sailing  flight,  as  wit- 
ness the  pelican,  who  has  less  surface,  proportionally,  than  the  teal, 
and  yet  soars  to  perfection,  while  the  other  only  rows.  The  teal  is 
proportioned  at  1  gram  per  177  square  millimetres  (1  pound  for  eacli 
0.86  square  feet),  and  the  x^elican  at  the  rate  of  1  gram  per  150  square 
millimetres  (1  iK)und  for  each  0.73  square  feet). 

When  in  full  flight  he  does  not  stretch  out  his  neck  a  yard  in  front, 
like  the  goose,  the  stork,  the  swan,  but  he  curves  it  back  like  the 
heron,  and  rests  his  head  gently  upon  his  shoulders,  which  attitude 
gives  him  a  peculiarly  graceful  appearance.  He  then  seems  so  much 
at  his  ease,  he  appears  so  comtortably  posed  upon  his  two  immense 
Avings,  set  at  picturesque  angles,  that  once  well  launched  he  seems  to 
glide  through  space  without  the  least  fatigue. 

Of  all  the  large  birds  he  is  certainly  the  one  which  presents  the 
most  elegant  silhouette.  The  great  vulture  is  rigid,  and  looks  a.s  if 
cut  out  of  tin  plate:  the  swan  and  the  goose  have  an  attitude  as  if 
already  spitted ;  the  eagle  is  stifl^^  and  all  of  a  piece,  but  the  pelican, 
notwithstanding  his  awkward  heaviness  when  on  the  ground,  l>ecouies 
as  graceful  as  a  gull  once  he  has  mounted  in  the  air.  The  varied  atti 
tudes  of  his  wings,  the  great  length  of  their  arm  and  fore«,rm,  offer 
every  moment  new  aspei^ts  which  the  evolutions  of  other  birds  never 
present. 

In  i)oint  of  intelligence  the  pelican  is  among  birds  what  the  elephant 
is  among  mammals.  Like  the  flatter  animal,  a  boundless  curiosity 
attracts  him  to  man.  The  doings  of  the  sovereign  of  creation  interest 
him  profoundly.  The  attention  which  he  bestows  upon  all  niovemeuts 
is  a  sure  sign  of  great  intelligence. 

He  will  not,  like  the  large  birds  of  prey,  morosely  assume  a  gloomy 
state  of  sulks,  beginning  with  his  captivity  and  ending  with  his  death; 
he  will  not  go  crouch  in  a  corner  and  motionless  ponder  on  his  lost 
liberty — not  a  bit  of  it.  After  two  or  three  days,  if,  without  looking  at 
him  or  apparently  noticing  him  in  any  way,  you  are  occupied  in  doing 
something,  he  will  not  let  half  an  hour  pass  before  he  is  between  your 
legs,  the  better  to  observe  your  actions.  Every  now  and  then  he  will 
stretch  out  that  frightful  bill  of  his,  but  there  is  no  need  of  extra 
guard;  all  there  is  to  do  is  not  to  draw  the  hand  back,  because  it  might 
be  cut  against  the  saws  of  his  mandibles.  When  he  sees  no  reply  t« 
his  overtures  he  will  become  almost  troublesome  in  his  familiarities: 
he  will  come  into  the  house  as  if  it  were  his  own,  he  will  pick  fleas  off 
the  dogs,  he  will  purloin  a  shoe,  he  will  make  way  with  a  ball  from  the 
billiard  table  with  an  air  of  perfect  innocence;  and  he  will  not  even 
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cease  his  rascally  tricks  at  uiglit,  for  it*  he  is  allowed  he  will  stay  up, 
like  the  human  biped. 

In  the  garden  or  yard,  you  must  not  expect  him  to  fraternize  with 
the  other  inmates ;  he  has  a  profound  contempt  for  these  weak-headed 
winged  creatures.  He  will  not  quit  the  neighborhood  of  man's  social 
gathering,  but  he  will  squat  down  all  rolled  up  in  a  ball,  in  the  middle 
of  the  group,  rest  his  bill  on  his  back,  and  from  this  vantage  ground 
his  intelligent  eye  will  follow  every  gesture  and  every  word  spoken. 

He  imposes  himself  upon  man  as  his  companion;  he  decides  that  his 
society  will  be  accepted,  and  as  after  all  he  is  not  very  troublesome, 
as — far  from  being  repugnant — he  is  clean  and  stately,  man  gives  in 
and  becomes  his  friend. 

We  have  yet  to  speak  of  the  pelican  when  in  possession  of  his  full 
wings,  when  he  is  able  to  fly;  for  up  to  this  we  have  only  described 
the  bird  whose  wings  have  been  clipped;  but  the  chapter  would  be 
endless.  I  will  only  add  this,  that  his  familiarity  grows  with  his 
wings.    Judge  then  what  it  becomes  when  his  plumage  is  complete. 

It  might  perhaps  be  possible  to  acclimate  the  pelican  in  Buroi>e,  in 
full  liberty.  He  would  find  himself  so  expatriated  that  he  might  not 
attempt  to  escape.  Should  his  wings  be  allowed  to  grow  his  first 
trials  of  flight  would  not  permit  him  to  think  of  undertaking  along 
journey;  at  most,  he  might  visit  the  surrounding  country  the  first 
year.  Care  being  taken  to  keep  him  captive  in  September — ^tbe  period 
of  migration — we  might  in  a  country  wherein  hunting  them  was  pro- 
hibited treat  ourselves  to  the  curious  sight  of  the  e volutin ms  of  these 
great  water  birds  which  are  as  amiable  as  the  swans  which  we  have 
are  stupid  and  mischievous. 

The  Sican, — There  are  two  cities  where  the  swan  is  easily  observed, 
Geneva  and  London.  The  foggy  atmosiihere  of  the  Thames  does  not 
permit  of  keeping  them  in  sight  very  long,  moreover  they  look  very 
melancholy  on  that  foul  stream. 

To  observe  them  thoroughly,  there  is  but  one  spot — the  lake  of  Gen- 
eva. There  these  beautiful  birds  are  quite  at  home,  and  a<*t  as  if  they 
owned  the  whole  lake. 

They  build  their  nests  in  the  moats  of  the  city,  and  make  the  rounds 
to  beg,  or  rather  to  collect  their  daily  rations  of  bread,  as  far  as  Ville- 
neuve.  They  even  do  more,  they  follow  the  steamboats  and  dip  down 
to  gather  food  thrown  over  to  them;  then  when  the  boat  has  gained  a 
mile  or  two  ahead,  they  resume  their  flight,  catch  up  with  the  ship  aid 
settle  in  its  wake. 

Their  flight  is  a  composite  of  beats  of  small  ami)litude,  alternated 
with  rectilinear  glidings.  They  do  not  wheel  in  circles  like  the  pelicjins 
and  birds  of  prey;  they  always  proceed  in  a  straight  line,  like  the 
ducks,  the  geese,  and  in  fact  like  all  birds  which  have  but  little  propor- 
tional surface  at  their  command. 

«  «  •  *  «  II  t 
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The  great  eared-Owl. — The  great  eaied-owl  is  a  curious  creature,  and  a 
painter's  brush  would  better  describe  him  than  a  pen.  Those  great 
horn-like  ears,  those  large  yellow  eyes,  that  plumage  spotted  with  crosses 
and  dropSy  the  noise  which  he  makes  when  snapping  his  bill,  which 
might  be  mistaken  for  that  of  a  crackling  bone;  everything  in  fact, 
even  its  attitudes,  give  it  a  satanic  air,  little  like  anything  in  this  world. 
But  let  us  disregard  this  infernal  aspect,  and  examine  him  in  broad  day. 

It  is  a  large  bird  of  prey;  its  talons  are  strong,  its  wings  are  power- 
ful; its  beak,  while  almost  entirely  hidden  beneath  the  hairy  feathers 
protecting  its  nostrils,  is  nevertheless  strong  and  with  a  force  not 
found  in  the  bill  of  most  diurnal  birds  of  prey.  Its  ears  are  very 
large;  we  see  at  first  sight,  that  in  consequence  of  the  enormous 
development  of  this  organ,  the  sense  of  hearing  must  exist  in  great 
perfection.  This  group  of  brilliant  qualities,  joined  to  a  reckless 
courage,  render  this  bird  an  animal  of  extraordinary  power. 

The  great  eared-owl  might  dispute  with  the  eagle  the  empire  of  air. 
The  eagle  is  like  the  lion;  he  has  the  noble  look  of  royalty,  whilst  the 
tiger,  which  has  only  a  brilliant  reputation  for  ferocity,  might  easily 
dispute  for  the  prey  should  both  meet  on  the  same  hunting  grounds. 


Fio.  5.— The  great  eared-Owl. 


Let  us  consider  the  bird  further,  for  we  are  confronted  with  a  re- 
markable creature.  His  bony  frame  is  robust,  his  feathers  are  like 
hose  of  all  nocturnal  birds,  of  velvet-like  softness;  but  this  soft  down 
covers  muscles  with  a  diflPereut  order  of  action  from  those  of  the  eagle; 
they  are  shorter,  quicker,  and  more  rigid  in  their  contraction;  the 
lever  arms  are  longer.  The  flight  is  a  marvel;  it  is  excessively  compli- 
cated in  siction.  He  soars  perfectly  well  but  rarely  does  so;  he  rows 
like  a  pigeon,  and  possesses  moreover  the  faculty  of  stopping  suddenly 
when  at  full  speed,  and  of  glancing  off  in  another  direction.  This  he 
does  to  avoid  collision  with  tree  trunks  at  every  moment.  The  flight 
is  absolutely  silent.  We  see  these  large  creatures  flash  under  the 
foliage^  and  we  do  not  hear  a  murmur.    This  silence  tes^wit^  litovcL  \Xi^ 
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latioii  of  the  feathers,  which  are  not  constructed  like  those  of 
birds,  and  the  shock  of  the  quills  against  each  other  is  dead- 
7  an  exceedingly  soft  down.  It  is  only  at  dawn,  in  the  spring, 
e  bird  is  to  be  seen  high  in  air;  then  an  occasional  couple  is 
leeling  up  high,  but  as  the  day  advances  they  rapidly  come  down 
ke  for  their  gloomy  dens,  where  they  remain  crouched  till  sunset, 
ening  I  witnessed  the  setting  out  of  two  owls  on  their  hunt.  I 
nbed  with  a  young  guide  to  a  cavern  high  up,  and  we  looked  down 
le  pine  forest.  The  day  was  dying  away.  We  were  sheltered  be- 
large  rocky  shoulder  which  hid  us  perfectly,  and  there  we  waited, 
linutes  after  sun-set  an  owl  appeared,  as  if  by  enchantment, 
i  on  a  rock  in  front  of  the  cavern.  We  had  neither  seen  nor 
t  come.  A  few  instants  later  a  second  bird  appeared,  taller  and 
than  the  first;  this  was  the  female,  and  it  was  huge;  its  height 
least  31  inches.  They  slowly  turned  their  horned  faces  from 
side,  then  one  awakened  the  echoes  of  the  valley  with  tiree 
g  notes,  and  yet  harmonious,  in  the  fashion  of  screech-owl  melody, 
ice  is  strange  and  impresses  much.  Then  the  male  descended 
^ulet  flowing  from  the  glacier;  the  female  followed;  they  drank, 
their  faces  a  little  and  re-ascended  to  the  rock  where  first  we 
em.  There  they  dried  themselves  and  smoothed  their  feathers, 
m  they  began  to  dance.  I  had  been  told  beforehand  of  this 
nance  and  it  had  been  described  in  terms  so  excessive  that  I  had 
ieved ;  but  now  I  witnessed  the  most  grotesque  scene  which  can 
rined.  Fancy  two  huge  creatures,  by  no  means  elegant,  springing 
e  air  alternately  like  jumping  jacks,  snapping  their  beaks  by  way 
)mpaniment. 

lis  extraordinary  sight  a  wild  guffaw  escaped  me;  the  shepherd 
1  hand  upon  my  arm  to  beg  for  silence.  I  looked  for  the  birds 
By  were  gone,  the  rock  was  bare;  they  flitted  away  as  silently  as 
me.  I  visited  their  eyrie ;  there  was  scattered  aboutsome  400  or  500 
i  of  bone^,  chiefly  of  the  hare,  of  tips  of  partridges'  wings,  and 
balls  of  hair  rejected  from  the  bird's  stomach, 
ssessed  a  couple  of  these  birds  in  captivity.  They  were  the 
of  the  pair  I  have  just  described.  During  the  ensuing  year  the 
bepherd  took  them  from  the  nest  and  brought  them  tome, 
e  birds,  although .  their  wing  spread  is  nearly  6  feet  across, 
irfectly  well  in  a  cage  16  by  40  feet.  They  went  in  different  di- 
is,  making  several  whole  rounds  without  coming  to  rest,  while 
ge  diurnal  birds  of  prey  in  the  same  cagfe  confined  themselves 
:le  journeys  lengthways,  passing  over  the  space  with  three  noisy 
)f  wing. 

Eeron  type. — This  table  comprises  birds  possessing  large  sustaining 
iS  in  proportion  to  their  weight.  Now  what  is  nature's  object  in  en- 
^them  with  such  excess  in  that  direction!  It  is  probably  to  enable 
b  soar  in  calm  weather  when  the  wind  is  light,  and  above  all  to 
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ght  without  breaking  their  legs.  It  is  clear  however  that  they  are 
.mx>ered  by  this  excess  of  surface;  not  one  of  them  is  remarkable  as 
Iyer,  neither  as  to  velocity — which  is  easily  explained,  nor  even  as  a 
'rmanent  denizen  of  the  air — ^which  is  more  extraordinary. 
They  are  in  fact  so  well  equipped  for  sailing  on  light  winds  that  the 
irface  resistance  destroys  all  the  other  qualities  when  the  breeze 
^shens.  It  is  only  when  the  weight  becomes  4  i>ounds  or  more  that 
ae  mass  momentum  succeeds  in  overcoming  the  friction  of  the  air 
gainst  these  over-feathered  wings. 

The  birds  first  named  in  the  table  fly  as  unsteadily  as  the  butterfly; 
he  hoopoe^  the  armed  plover,  and  the  lapwing  can  advance  against 
troug  winds  only  by  completely  folding  their  wings.  This  deficiency 
iminishes  with  the  increase  in  weight.  The  ibis  flies  better  than  the 
aall  heron,  and  both  are  distanced  by  the  storks. 


Fio.  6.— The  grey  Hefon. 

^e  find  proof  in  this  type  that  the  useful,  aetive  surface  of  the  wing 
s  in  the  hand  and  the  forearm,  and  that  the  arm  remains  almost 
^^scent  in  flapping.  The  demonstration  is  palpable,  as  is  ever  the 
^e  in  nature.  The  feathers  of  the  humerus  have  been  simply  sup- 
^^«ed  in  most  of  the  herons,  and  only  those  of  the  covert  remain, 
^ich  latter  feathers  are  merely  ornamental. 

1'he  kestrel  Falcon, — The  kestrel  is  common  in  France.  It  inhabits 
^  large  cities.  It  is  known  by  all  observers,  and  they  doubtless  have 
^thered  their  best  knowledge  from  its  evolutions.  Its  strength  is  great 
^d  it  always  rows  when  hunting;  but  when  there  comes  a  change  of 
father  and  the  south  wind  sets  in,  then  the  creature  climbs  up  soaring 
^to  the  sky  and  exhibits  its  talents  as  a  sailing  bird,  which  talents  are 
^Hy  as  great  as  might  be  expected  from  its  mass. 

Ih  peregrine  Falcon. — A  rare  bird,  and  therefore  difficult  to  study, 
ix  astonishing  rower,  reaching  at  times  a  velocity  almost  unique;  the 
'geon,  the  duck  are  then  greatly  out-distanced,    -    •    • 
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It  soars  well,  but  only  when  at  leisure.  It  weighs  1.32  ponuds,  and 
its  surface  amounts  to  1.72  square  feet,  being  in  the  proportion  of  1.3 
square  feet  to  the  pound. 


Fig.  7.— Kestrel  Faloon. 


Eagles, — With  the  fish-hawk  {Pandion  fluvialis)  we  reach  the  heavy 
birds.  We  still  find  a  bird  which  beats  the  air,  but  already  the  re- 
sults of  inertia  are  manifest.  When  the  mass  is  2  pounds  or  more  there 
appears  a  steadiness  in  llight  not  found  among  the  1-pound  birds. 


Fig  8.->Peregriiie  Falcon. 

The  small  eagles  of  Europe  and  of  Africa,  the  imperial  eagle  with  white 
back  (Aquila  heliuca)^  and  the  great  golden  eagle  {Aquila  chrysaet^t) 
found  in  the  Alps,  all  have  the  same  modes  of  flight  Their  talents 
as  sailing  birds  increase  with  their  weight. 

The  necessities  of  their  existence  require  many  different  qualities: 
First,  they  must  be  able  to  remain  easily  in  the  air,  in  order  to  survey 
the  field,  to  watch  a  possible  prey  for  whole  hours;  therefore  they 
must  be  able  to  soar  well,  and  this  they  do  to  perfection.  Once  the 
prey  discovered,  there  needs  be  great  speed  to  capture  it,  for  often  it  is 
a  duck,  and  a  duck  flies  very  fast;  or  it  is  a  hare  to  be  caught  on  the 
run,  and  this  is  not  at  all  an  easy  enterprise.  To  gain  this  great  speed 
the  eagle  utilizes  gravity;  he  lets  himself  drop  200  or  300  yards,  and 
employs  the  velocity  so  acquired  with  great  dexterity  to  catch  the 
game.  These  violent  hunting  exertions  in  catching  other  rapid  animals 
require  an  enormous  muscular  power  on  the  part  of  these  birds. 
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A  few  eagles  are  to  be  found  in  Savoy;  they  are  the  finest,  but  they 
are  rare.  Some  few  are  also  to  be  seen  in  Egypt.  From  time  to  time  a 
passing  bird  is  seen  with  an  unusual  figure;  when  it  is  far  distant  one 
remembers  that  it  is  an  eagle.  In  Algeria  I  was  enabled  to  observe 
this  creature  close  at  hand.  In  winter  there  were  always  three  or  four 
stationed  some  200  yards  from  my  farmhouse.  They  were  hunting 
for  wild  ducks  on  a  drowned  meadow.  Sometimes  they  came  to  in- 
sx)ect  my  barnyard,  but  from  a  distance,  as  they  were  not  well  re- 
ceived. Upon  the  whole,  they  kept  nearly  as  far  away  as  one  would 
desire  for  a  chicken's  sake,  for  it  does  not  take  long  to  pick  up  a  fowl. 
There  is  a  tremendous  outcry  from  the  roosters,  then  a  terrible  hissing 
and  scuffle,  and  an  unhappy  egg  producer  is  seen  ascending  into  the 
air,  strewing  her  feathers  by  the  way  during  her  dizzy  rise. 

The  tales  which  are  told  of  the  eagle  letting  his  prey  drop  when  a 
gun  is  fired  at  him,  even  when  beyond  range,  are  perfectly  true. 
Only  in  this,  as  in  all  else,  it  must  be  done  at  the  proper  moment.  I 
once  caused  the  experiment  to  be  tried  by  a  sportsman  who  doubted 
the  fact.  He  made  such  haste  that  the  eagle  had  not  had  time  to  kill 
the  duck  before  letting  him  go;  the  result  was  that  the  eagle  went  one 
way  and  his  victim  another.  As  both  by  that  time  were  three  times 
beyond  range,  we  had  to  be  content  with  looking  on. 

Not  far  from  there,  grew  two  great  ash  trees,  where  often  in  the 
spring  eagles  were  seen  in  pairs.  Here  it  was  that  occurred  that 
wondrous  tour  de  force  of  rising  in  the  air,  advancing  against  wind, 
an  observation  of  prime  importance  already  described  in  a  preceding 
chapter. 

The  great  golden  Eagle. — Here  is  undoubtedly  the  king  of  the  birds. 
He  possesses  strength  and  courage.  Having  no  enemy  his  equal,  he 
peacefully  passes  long  days  in  the  beatitude  of  uncontest-ed  autocracy. 
The  eagle  fears  none  but  man,  and  even  him  he  fears  but  little.  Brought 
to  bay,  he  does  not  hesitate  to  hurl  himself  at  his  enemy.  In  captiv- 
ity he  is  at  first  exceedingly  dangerous;  his  ferocious  temper  renders 
him  an  untamable  animal.  It  requires  great  skill  to  succeed  in  im- 
pressing him  with  fear,  and  moreover  he  must  not  be  excited,  for  then 
he  will  fight  to  the  death. 

Nature  has  created  hmi  to  keep  down  undue  increase.  In  this  he  is 
like  the  felU  (tigers,  etc.),  the  sqiiales  (dog-fish,  etc.),  and  the  emx 
(pike  etc.)  This  tyrant  of  the  air  is  abundantly  provideil  with  all  ihe 
weai)ons  necessary  for  his  murderous  life.  His  arms  consist  in  eight 
talons  as  long  as  a  finger,  curved  and  sharp  pointed  and  moved  by 
terrible  muscles.  His  much-hooked  beak  serves  him  to  carve  the  ani- 
mal perforated  by  his  talons. 

His  wings  are  large  and  exceedingly  strong.  They  are  pre- 
eminently adapted  to  sailing  flight.  He  rarely  beats  the  air  unless 
there  is  no  wind,  or  unless  he  is  loaded  with  a  prey.  Pen  is  power- 
less to  depict  the  majesty  of  his  gait,  the  amplitude  of  the  immense 
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circles  which  he  sweeps  in  the  air.  At  times  lie  is  absolutely  motion- 
less. He  is  examiniug  the  field  or  watching  a  prey;  then  suddenly  lie 
drops  hundreds  of  yards.  He  falls  like  a  meteor  with  the  velocity  of 
bodies  falling  through  space. 

The  speed  is  such  that  it  produces  a  sound  difficult  to  describe.  It  is 
not  like  that  of  the  bullet  or  of  the  cannon  ball,  but  must  be  heard  to 
get  a  true  conception.  Then,  when  within  a  dozen  feet  of  earth,  his 
wings'  great  strength  safely  checks  his  descent;  and  this  at  once — in 
half  a  second — merely  by  expanding  his  wings  to  their  full  spread. 

His  skill  is  wonderful ;  never  a  miss  makes  he.  His  eyes  are  excellent; 
iTom  high  up  in  the  air  he  spies  out  the  rabit  hiding  in  the  thicket,  or 
the  inconspicuous  duck  swimming  among  the  reeds.  He  uses  his  talons, 
the  arms  with  which  he  kills,  in  a  remarkably  skillful  manner.  In  cap- 
tivity, when  he  is  hungry,  he  catches  on  the  fly  the  morsels  of  meat 
thrown  to  him  with  a  single  claw,  and  never  misses  them  if  they  pass 
within  his  reach.  His  movements  have  all  the  precision  of  those  of 
small  birds.  He  is  free,  quick,  sharp,  and  powerful  in  his  movements; 
above  all,  his  coup  (Ponl^  the  power  of  taking  all  in  at  a  glance,  is  very 
remarkable.  As  the  motor  muscles  of  the  eye-ball  are  but  little  devel- 
oped, he  is  compelled  to  turn  his  head  whenever  he  desires  to  see  any- 
thing sharply.  His  head  then  assumes  splendid  iK)ses:  his  eye,  that 
brilliant  gem  set  under  a  deep  arch,  darts  out  lightning  glances;  his 
curved  beak,  his  savage  air,  his  sharp  head  feathers  bristling  up  and 
forming  a  diadem — all  that  ensemble  of  vehement  sweeping  outline- 
make  the  eagle  a  model  of  power  and  of  audacity. 

He  lords  it  over  a  territory  which  he  always  selects  of  vast  extent 
All  the  smaller  mammals  dread  him;  the  young  of  larger  animals  fear 
to  be  seen  by  him;  the  young  chamois  crouches  up  to  its  dam,  the  old 
bucks  call  the  herd  and  stamp  their  feet  with  fury.  Man  himself— iu 
infancy — has  been  attacked  by  him. 

He  is  intelligent  only  from  a  hunting  point  of  view.  A  very  interest- 
ing spectacle  it  is,  that  of  a  family  of  eagles  making  a  battue  in  order 
to  furnish  the  nest  with  provisions. 

The  male  is  up  100  yards  in  air,  quite  motionless,  the  female  is 
beating  the  thickets;  her  flight  while  doing  this  has  an  ease  of  great 
elegance;  she  follows  the  undulations  of  the  ground  without  effort; 
glides  from  one  hill  to  another,  descends  and  re-ascends  the  mountain 
slope;  then  when  a  prey  appears  the  two  spouses  are  upon  it  almost 
at  the  same  time.  ,It  often  happens  that  a  hare  starting  up  10  yards 
from  the  female  is  caught  by  the  male,  who  was  stationed  100  yards,  in 
the  air;  he  dives  head  foremost,  is  upon  the  prey  in  four  or  five  sec- 
onds, and  picks  it  up  on  the  fly;  then,  if  he  is  in  the  mountains,  he  first 
plunges  in  the  valley  with  his  load,  and  with  great  wing-beats  re-as 
cends  to  his  eyrie.  There  the  spoils  are  divided,  and  this  never  takes 
place  without  much  dispute,  spite  of  the  charms  of  matrimonial  bonds. 

Aside  from  this  old  leaven  of  fero(;ity,  which  constantly  api>ears,  the 
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family  is  perfectly  well  brought  up,  and  above  all  abuadantly  sup- 
plied with  nourishment.    During  the  education  of  their  young,  fam- 
ilies of  eagles  consume  enormous  quantities  of  game;  the  eaglets  dur 
ing  this  period  require  much  food  in  order  to  furnish  material  for  the 
growth  of  their  great  feathers.    Nature  then  inspires  the  parents  with 
an  activity,  which,  happily  for  neighboring  hares  and  rabbits,  has 
nothing  in  common  with  their  usual  indolence.    During  this  time,  this 
period  of  activity,  lasting  a  month,  there  is  no  respite;  the  vicinity  of 
the  eyrie  is  generally  encumbered  with  putrefying  carcasses ;  but  luckily 
the  crows  have  an  eye  out  for  everything  which  is  spoiling,  and  iK)sse88 
the  audacity  to  go  for  it  even  in  the  eagle's  nest.    All  things  con- 
sidered, the  crows  run  little  risk;  they  are  so  adroit  that  even  in  a  very 
confined  space  they  manage  to  escape. 

The  great  golden  eagle,  which  I  possessed  for  years,  had  always  a 
magpie  with  him.  There  is  no  sort  of  malicious  trick  that  this  mis 
chievous  little  creature  did  not  play  upon  his  terrible  and  taciturn 
companion,  but  he  received  no  more  attention  than  the  tomtits,  which 
may  be  seen  with  the  telescope  roving  among  the  branches  amoug 
which  the  nest  of  the  eagle  is  built. 

The  eaglets,  after  a  month  and  a  half,  are  as  big  as  x)apa  and  mam 
ma.  Their  first  flights  are  timid  enough  and  the  parents  then  follow 
chem  with  peculiar  solicitude;  then  little  by  little,  as  skill  in  flight  and 
hunting  increases,  the  family  aff'ection  wanes,  the  eyrie  is  abandoned, 
and  each  by  degrees  becomes  a  hunter  upon  his  own  account.    -    - 

Two  eagles  are  rarely  seen  together  when  they  have  no  young  ones. 
Those  shut  up  together  in  cages,  all  perish  in  the  same  manner,  from 
a  stroke  of  the  talon,  penetrating  the  brain. 

Vultures, — Let  us  rest  long  in  our  studies  of  this  type  of  flight,  for 
it  is  full  of  useful  instruction :  this  is  the  type  which  will  lead  man  to 
navigate  the  immensity  of  space. 

This  great  family  of  birds  solves  the  problem  of  remaining  in  the  air 
with  the  least  expenditure  of  force;  we  may  even  say,  in  other  words, 
that  it  is  that  which  flies,  or  rather  soars,  with  the  utmost  science. 
The  life  needs  of  the  creature,  here  as  everywhere,  determine  its  kind 
of  talent.  The  vulture,  to  make  a  living,  must  rise  to  a  great  height 
thence  to  gain  a  large  field  of  observation,  and  he  must  there  long 
remain  without  fatigue. 

Now  consider  the  construction  of  this  bird.  His  weight  is  very 
great,  his  wings  are  immense,  both  in  length  and  breadth;  his  large 
proportional  surface  sustains  him,  and  his  great  mass  stores  up  mo 
mentum.  So  we  see  him  after  a  few  beats  of  wing,  at  once  begin  to 
soar,  climbing  up  in  the  air  and  floating  there  with  no  expenditure 
of  force,  save  for  the  start  and  for  guidance.  Certain  species  of  vul 
tures,  particularly  the  larger,  absolutely  can,  upon  a  windy  day,  leave 
their  perch  in  the  morning,  travel  many  leagues,  spend  the  whole  day 
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In  the  air,  and  get  back  t<>  their  perch  at  night  without  one  single  beat 
of  their  wings. 

In  this  family,  velocity  is  only  useful  to  the  smaller  8i)eciea,  which 
are,  alter  a  fashion,  the  purveyors  of  the  larger;  therefore  the  Egyptian 
vultures,  the  turkey-buzzards,  the  urubus,  having  to  execute  more 
varied  movements  expend  much  more  force. 

Now,  here  is  the  way  a  vulture  spends  his  day  upon  one  or  the  other 
continent.  Tlie  larger  species  have  spent  the  night  perched  among 
rugged  and  iimccessible  rocks,  where  they  gather  for  shelter  fi*om  the 
wind,  if  they  have  neither  eggs  nor  young  ones.  The  turkey-buzzards 
and  the  Egyptian  vultures  have  been  roosting  in  the  lower  regions, 
they  are  less  fierce  and  much  more  intelligent.  The  sun  comes  out  and 
dries  the  dew  collected  on  their  feathers;  the  vultures  stretch  their 
wings,  limber  up  the  joints  and  trim  the  growing  quills  with  all  the 
care  that  the  maintenance  of  an  essential  organ  needs.  About  7 
o'clock  there  are  many  flappings  of  the  great  wings,  but  without  quit- 
ting the  perch ;  then  they  sink  their  heads  between  their  shoulders  and 
resume  their  sinister,  forbidding  look.  Between  8  and  9  o'clock  the 
breeze  begins  to  rise;  once  in  a  while  the  vulture  glances  into  the 
valley  through  those  magnificent  eyes,  unique  in  creation  for  their 
power,  then  with  four  or  five  great  beats  of  wing  he  launches  into  space. 
He  descends  some  50  yards  on  rigid  wings,  and  is  then  in  ftill  sailing 
flight  The  Smaller  species,  who  are  earlier  risers,  are  already  at  work 
and  searching  for  food. 

The  large  vultures  sail  at  heights  which  vary  with  the  si)ecie8.  The 
tawny  vultures,  the  Sarcoramphes  or  papa  of  South  America,  gener- 
ally keei>  at  elevations  of  500  or  600  yards  in  the  air;  they  are  scarcely 
visible  from  the  ground.  The  arrian  vultures,  the  otogyps,  the  con- 
dors usually  float  much  higher:  they  become  quite  invisible. 

The  arrian  vultures  survey  the  movements  ot  the  tawny  vultures,  who 
in  turn  have  an  eye  upon  the  Egyi)tian  vultures,  which  latter  again 
watch  the  doings  of  the  kites,  and  especially  of  the  crows. 

In  America  the  urubus  is  watched  by  the  turkey-buzzard,  the  latter 
by  the  papa,  and  this  last  by  the  condor. 

As  all  these  great  birds  of  prey  thus  establish  a  complete  net- work  of 
observation  over  the  earth,  from  the  mere  fact  of  mutual  surveillance, 
just  as  soon  as  a  meal  is  found  all  the  neighbors  close  by  start  in  that 
direction,  they  are  at  once  followed  by  the  others,  and  thus  they 
assemble  very  rapidly. 

They  scent  the  carcass,  is  the  common  expression.  In  point  of  fact 
this  is  quite  incorrect,  being  impossible  if  the  birds  are  to  windward  of 
the  dead  animal.  Their  olfjictory  apparatus  is  so  little  developed  that 
it  is  quite  insuffi(!ient  to  guide  them  to  a  carcass,  even  close  at  hand. 
This  may  be  easily  tested  by  hiding  some  tainted  meat  and  attracting 
a  vulture  to  the  neighborhood.  He  will  pass  close  to  it  without  find- 
ing the  meal;  his  sense  of  smell  will  not  have  revealed  it. 
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The  attitudes  of  these  birds  in  the  air  are  particularly  worthy  of  at- 
tention. Their  aspect  when  sailing  apon  a  wiud  of  about  11  miles  per 
hour,  which  velocity  is  best  adapted  to  exhibit  their  faculties,  becomes  a 
most  interesting  study  of  flight  without  beat  of  wing. 

It  is  clear  that  to  rise  upon  so  feeble  a  current  of  air  they  must 
spread  all  their  surface.  At  this  speed  of  11  miles  per  hour  the  Egyp- 
tian vulture  holds  his  wings  to  an  even  straight  line;  the  Oypoierax 
cathartoide  slightly  brings  the  tips  of  his  pinions  forward:  the  tawny 
vulture  advances  them  so  much  that  the  angle  produced  in  front  is 
165^;  the  oricou  or  Nubian  vulture  goes  much  further,  to  make  a  sat- 
isfactory sketch  of  his  attitude  in  flight,  would  require  an  angle  of 
X40O. 

The  great  tawny  Vulture. — We  are  now  face  to  face  with  our  desi- 
deratum. Look  at  his  beak!  We  might  disregard  his  talons,  but  the 
beak  is  terrible,  of  a  force  not  to  be  imagined;  garments  are  insuffi- 
cient to  protect  a  man  from  this  beak. 


Via.  9.— Tln^  tawny  Vultiin'. 

Once  he  is  dead,  your  gorge  rises,  for  the  smell  is  horrible.  This 
odious  perfume  is  in  no  way  fugacious,  for  it  persists  worse  than  musk; 
the  whole  body  of  the  animal  is  impregnated  with  it.  The  room  in 
which  it  remains  for  only  a  few  hours  will  not  lose  that  nauseating 
odor  for  many  months.  Then  look  out  for  lice;  they  are  of  good  fig- 
ure. The  first  of  the  enormous  parasites  one  sees,  wandering  over 
one's  clothes,  causes  inexpressible  astonishment.  However,  notwith- 
standing its  size,  it  is  not  dangerous,  for  it  does  not  become  accli 
mated  to  man. 

But,  passing  by  these  petty  annoyances,  what  a  magnificent  aDimal 
we  have  before  our  eyes.  Here  we  have  alar  spread  of  8  feet  or  more 
of  wing,  a  weight  of  10  pounds  for  this  admirable  living  aeroplane. 
Beyond  him  there  are  but  three  or  four  varieties  which  surpass  him  iu 
size,  but  without  causing  us  to  forget  him.  In  any  case  he  is  quite 
their  brother  in  sailing  flight. 

Little  need  be  said  concerning  the  oricou  [otogyps)^  save  that  the 
closest  attention  is  required  to  recognize  tliem  in  any  group. 

As  to  the  condors,  inasmuch  as  their  conformation  is  the  Siwie  as 
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it  of  the  vultures  of  the  ancient  continent,  we  may  say,  without  risk- 

If  a  mistake,  that  their  mode  of  performance  in  the  air  is  practically 

3  same. 

We  commend  tlie  special  study  of  the  ways  of  the  tawny  vulture. 

is   will   better — in    live    minutes — explain    the    action    of   sailing 

;^ht  and  the  possibility  of  its  imitation  than  long  observations  of  all 

3  other  families  of  birds. 

rhe  dominant  note  in  this  flight,  the  remarkable  feature,  is   the 

cided  tendency  to   perform  all  required  manieuvers  and   evolutions 

gliding,  by  soaring  flight,  and  to  avoid  all  performances  which  in- 
Ive  flaiiphig  the  wings.  The  oricou  and  the  arrian  are  in  the  same 
tegory ;  they  even  exaggerate  this  tendency.  All  these  large  birds 
ty  beat  the  air  when  there  is  a  dead  calm,  an  atmospheric  circum- 
fcnce  quite  rare  in  Egypt,  and  as  the  slightest  breeze  suffices  for 
3ir  support  it  is  rarely  the  tranquillity  of  the  air  which  keeps  them 

rest.      Rain  troubles  them  much  more    than  a    calm;  they  seem 


Fio.  10— The  tawny  Vulture. 

dread  having  wet  wings.  Great  winds  also  disorder  the  econ- 
ly  of  their  mode  of  flight;  they  are  proportioned  to  sail  well 
on  an  average  wind,  so  when  the  wind  freshens  much  they  begin 
C3ncounter  diflficulties;  and  when  it  blows  a  tempest  they  seek  shel- 
•  and  do  not  stir  out.  This  results  from  the  great  breadth  of  their 
^gs,  a  breadth  which  by  the  resistance  it  oifcrs  completely  deranges 
^ir  facilities  for  locomotion. 

Ln  order  to  encounter  strong  currents  of  air,  there  nuist  be  narrow 
i^igs;  thus,  observe  the  gulls,  the  stormy  ])etrel,  the  albatross.  In  a 
ud  where  all  aboard  ship  is  clewed  up  you  will  see  them  in  full 
^ivity,  chasing  ardently  and  moving  with  ease — they  are  in  their 
'iiient;  there  is  no  beating  the  air;  they  are  then,  as  it  were,  set  on 
«  rigid  supports,  much  curved  downwards,  skimming  the  wave  with 
tonishing  precision,  fingering  it  with  their  wing  tips,  rising  and 
•scending  with  the  billows  without  ever  being  overtaken.  These 
»me  birds,  in  a  wind  of  11  miles  i)er  hour,  a  light  breeze,  are  com 
H.  Mis.  114 29. 
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pelled  to  settle  ilown  on  the  water,  to  ihibble  arotiiid  like  common 
diickR;  while  in  this  s.aiiie  wind  the  gn»>t  land- sailing  birds  sweep 
with  ease  those  gretit  eii-eles  which  transiwrt  them,  without  fatigae, 
up  to  enormous  heights. 

Thus  the  vulture  is  the  bird  which  can  utilize  the  feehlest  current  of 
air  in  order  to  obtain  sustaining  power;  he  exaggerates  the  type  of 
what  wc  might  call  pcrinauent  rest  in  the  air. 

I  have  alreaily  said — and  I  rei)eat  it,  a  large  vulture  can  make  loug 
flights  without  once  beating  the  air.  I  have  seen  the  following  perforin 
auce,  not  once  but  a  hundred  times:  At  the  abattoirs  of  oriental  citiea 
vultures  ara  to  be  seen  in  great  numbers,  waiting  a  propitious  moment 
to  get  at  their  food,  and  sustaining  themselves  iu  the  air  meanwbile 
without  a  .single  beat  of  wing.  They  mount  up  out  of  sight,  they  de- 
scend within  200  yards  of  earth,  advance  against  the  wlud,  glide  vitii 
the  wind,  slide  to  the  right  or  left,  cruising;  in  a  single  hour  over  all 
the  surrouading  country  to  see  if  there  hi'  not  a  doul  animal  more  easy 
of  access;  and  they  perfonn  these  niaueuvers  the  whole  day  long, 
making  twenty  ascensions  of  1,000  yards  each,  gliding  over  100  leagues, 
and  all  this  without  one  single  stroke  upon  the  air. 


When  you  go  still-hunting  for  a  tawny  vultui-e,  take  notice  liowhe 
first  comes  into  sight;  he  docs  not  then  appear  to  be  a  lar^e  bird.  At 
the  altitude  at  which  he  habitually  soars  he  appears  of  exactly  ths 
same  size  as  the  kites  and  the  {-Egyptian  vnltuies;  he  makes  no  men 
impression  than  tliey.  Yi)u  will  however  learn  quickly  to  distiiittni"'' 
him  by  the  angle  to  the  front  produced  by  his  wings,  l>y  the  abseni* 
of  wing  lieats,  and  above  all,  by  the  slowness  and  steadiness  witb 
which  be  moves  in  space.  This  is  an  infallible  sign  by  which  to  re- 
cognize him  Hs  far  as  the  eye  can  reaeh.  It  is  only  much  later  that  liis 
true  size  will  be  understiKxl,  when  be  is  only  l'OO  or  ;iOO  yards  off: 
and  as  he  approaches  within  that  distance  he  will  grow  in  appenr- 
ance  much  faster  than  otlier  bii-ds.  Yon  will  further  distiuguisii  Uii" 
by  the  peculiar  spread  of  his  wing  tips.    We  may  say  that  this  is 
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the  bird  who  spreads  his  primary  feathers  most  widely  apart  from 
each  other.  There  is  at  tlie  extreuiity  an  open  si)ace  between  each 
ijuill  about  live  times  the  width  of  the  feather. 

Still  another  peculiarity:  the  primary  feathers,  instead  of  taperinjj^ 
towards  the  point,  are  constructed  on  the  reverse  plan ;  they  seem  to 
be  implanted  into  the  win*jf  by  the  thin  end;  the  outer  tip  being  mate- 
rially wider  than  the  part  which  seems  to  be  attached  to  the  wing,  and 
which  precedes  the  main  widening  of  the  barbs.  These  large  feathers, 
widest  at  their  tii)  and  spread  asunder,  present  a  curious  outline  whicli 
would  please  artists  greatly  if  they  could  observe  this  bird  in  his 
native  habitat. 

To  the  peculiar  construction  described  we  must  add  the  effects  of  the 
partial  rotation  of  the  quills  within  their  soc^tets,  which  action  is  ob- 
served only  in  these  large  birds.  These  quills  must  be  wonderfully 
strong  and  elastic,  for  the  birds  put  them  to  severe  proofs.  During 
the  efforts  which  he  makes  when  starting  up  from  the  ground  and  when 
his  pectoral  muscles  are  doing  tlieir  utmost,  the  tips  of  the  feather 
point  directly  to  the.zenith.  In  short,  from  every  point  of  view  these 
great  birds,  when  free,  are  exceedingly  interesting  to  observe.  There 
are  altitudes,  quite  unknown  to  those  who  only  see  the  bird  in  museums, 
Avhich  would  confer  success  on  an  animal  painter,  if  he  reproduced 
them. 

But  there  must  be  freedom;  otherwise,  we  liave  only  eagles  motion- 
less as  milestones,  or  ill-smelling  vultures  worrying  themselves  to 
death,  their  heads  smothered  between  their  shoulders;  two  aspects 
which  have  nothing  in  common  with  that  of  these  kings  of  air  proudly 
traversing  the  inmiensity  of  the  skies.  The  one  circumstance  which 
frequently  deprives  the  observer  of  the  chance  of  witnessing  their  in- 
teresting CA'olutions  is  the  bird's  alarm.  At  the  slightest  apprehen- 
sion these  great  crreatures  resort  to  rowing  flight,  they  desire  to  get 
rapidly  beyond  danger,  so  that  developing  all  their  powers  with  strokes 
of  wing  they  quickly  fly  away. 

Their  power  of  vision  nuist  be  great;  we  may  safely  assume  this, 
because  these  buxls,  of  all  flying  creatures,  are  those  whose  mode  of  life 
requires  the  most  extensive  views. 

A  sparrow  needs  a  field  of  view  of  but  a  fcAV  hundred  yards;  a  more 
powerful  organ  of  sight  would  be  needless,  and  therefore  atrojjhied  in 
a  few  generations;  the  sea  birds  need  to  observe  the  surface  of  the 
waves  for  only  some  dozen  yards  or  so.  It  is  not  among  these  creatures 
that  we  nmst  seek  for  those  perfect  lenses,  capable  of  collecting  all 
divergent  rays  of  light. 

The  hunting  birds  of  prey,  such  for  instance  as  the  falcons  and  the 
eagles,  often  scrutinize  the  surface  of  the  ground  from  a  great  height; 
the  latter  birds,  especially,  sometimes  maintain  themselves  at  an  ele- 
vation of  400  or  500  yards  while  hunting;  but  what  is  that  distance 
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wheu  comi>ared  witli  the  3  or  4  mileB  required  by  the  ATiltures  to  study 
their  field  of  research  ? 

We  may  safely  eouclude  that  the  constant  necessity  for  seeing  furtber 
than  other  birds  has  caused  them  to  acquire  in  the  organ  of  vision  a  per- 
fection not  possessed  by  other  birds.  We  must  therefore  be  ourselves 
invisible  to  be  able  to  witness  their  extraordinary  evolutions  wheu 
sailing;  or  better  still,  we  must  seek  them  in  the  primitive  countries 
where  they  have  not  yet  learned  to  be  a^aid  of  man,  and  even  there 
we  should  wear  a  dress  which  shall  not  attract  their  attention,  for  other- 
wise they  will  not  (*onie  down  t-o  a  meal. 

In  order  to  see  these  birds,  French  observers  must  leave  home.  There 
are  no  vultures  nearer  than  the  high  plattnius  of  central  Auvergiie,tLe 
Alps,  an<l  the  Pyrenees,  where  there  may  be  found  (very  rarely  how- 
ever) the  (fypn  ovcidcnialiH^  which  is — on  a  smaller  scale — tin;  dupli- 
cate of  tiypa  ftdniMj  or  tawny  vulture  of  Africa. 

If  chance  does  not  bring  to  us  one  of  the  latter  master  soarers,  we 
must  entice-  him;  a  dead  carcass  planted  in  some  isolate  siK)t  is  tbe 
best  means  to  attract  him.  By  crossing  the  Mediterranean  to  Algeria 
one  is  certain,  with  a  i)roi)er  bait,  to  see  the  bird,  particularly  in 
the  autumn;  for  it  is  rather  an  uncertain  enterprise  to  endeavor  to  find 
him  in  noithern  Africa  in  other  months  than  September,  October,  and 
November.  There  are  undoubtedly  a  few  at  all  seasons,  but  it  is  onlr 
during  those  three  months  that  they  are  in  considerable  immbersj 
either  in  consequence  of  their  annual  migrations  from  north  to  south, 
or  from  other  causes.  In  any  case,  even  where  there  are  many  theyara 
not  uniforndy  abundant.  Sometimes  we  may  chance  upon  a  flock  of  a 
hundred,  and  then  remain  for  years  without  seeing  them  except  afar  of. 

It  is  unfortunately  an  unknown  bird  to  those  interested  in  the  prob- 
lem of  flight,  for  not  one  i)erson  in  a  hundred  has  seen  it  in  the  air.  In 
Algeria,  even  in  Cairo,  (where  there  are  some  sailing  over  the  city  every 
day  during  three  months  of  the  ye^r,)  most  of  the  European  residents 
are  unawaie  of  their  existence.  But  when  the  student  takes  the  pains 
to  go  where  the  bird  is  to  be  found ;  when  he  sees  this  great  animal,  large 
as  a  sheep,  jiainfully  rising  from  the  ground  with  strokes  upon  the  air 
whose  hissing  is  heard  300  yards  away  in  the  silence  of  the  desert; 
when  he  sees  them  afterwards  describing  their  endless  sweeps,  he  ap- 
preciates this  most  interesting  sight;  every  human  being  is  chained  to 
the  spot;  even  the  Arab  is  stirred  with  emotion;  for  in  this  bird  we 
have  found  motion  under  a  new  aspect;  it  resembles  a«  to  msge^ty  and 
impressiveness  the  action  of  a  locomotive  at  fiill  speed. 

When  we  watch  a  martin  flashing  through  space  we  think  of  high 
speed  mechanism;  when  it  is  a  snipe  or  a  partridge  which  flies  ofl^  we 
are  reminded  of  the  action  of  a  released  spring;  a  gull  suggests  i>er' 
petual  motion  or  the  endless  sweep  of  a  pendulum ;  but  the  view  of  the 
great  vulture  in  sailing  flight  inspires  at  once  the  desire  for  imitation; 
it  is  a  dirigible  parachute  which  man  may  hope  to  re-produce. 
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THE  EMPIRE  OF  THE  AIR. 


THEORY  OF  THE  AEROPLANE. 

Vertical  and  horizontal  equilibrhim. — To  cliauge  the  equipoise  of  bis 
aeroplane  in  the  vertical  direction,  the  sailing  bird  makes  use  of  bis 
tail,  which  under  the  action  of  the  imping  air  serves  in  all  respects  as 
a  rudder;  but  he  has  a  much  more  energetic  means  of  displaying  bis 
center  of  gravity,  which  consists  in  altering  his  center  of  figure;  that 
is  to  say  by  changing  the  form  of  his  sustaining  surface,  and  by  dis- 
placing it  in  relation  to  his  bod}-. 


Fig.  12.— Wings  in  nonnnl  attitude. 

When  the  bird  has  disposed  his  organs  of  sailing  flight  in  proi)er 
equipoise,  when  his  aeroplane  is  set  for  efficient  progress,  as  for  example 
in  Fig.  12,  should  any  necessity  whatever  require  him  to  ascend  sud- 
denly, he  will  not  employ  his  tail  for  that  purpose,  especially  if  it  be  a 
feeble  one,  because  it  will  not  produce  sufficient  action,  but  he  stretches 
his  wings  forward,  Fig.  13.  His  center  of  gravity  and  his  center  of 
figure  thus  recede  decidedly  to  the  rear,  and  upward  gliding  and  ascen- 
sion must  follow. 


/v. 


^M:^^ 


Fiu.  i;i.— Wings  j>rc».jcf  toll. 

If,  on  the  other  hand,  the  bird  assumes  the  following  attitude.  Fig.  14, 
thecenterof  gravity  being  carried  forward  produces  downwanl  gliding. 

These  tlisplaeements,  produced  at  will  by  the  variable  position  of  the 
Vings  and  the  gnidance  obtained  by  the  action  of  the  air  on  the  tail, 
constitute  the  bird's  directing  power  in  a  vertical  direction. 

As  to  guidance  in  the  horizontal  direction,  it  is  very  simply  brought 

about.    It  is  also  almost  always  i)ro(iured  through  the  derangement  iu 

the  equipoise  of  the  aeroplane,  except  with  birds  having  verj^  ample 

t^iiJsand  thu'*  possessing  aji  org  in  capable  of  this  service;  these  use 

it  constantly,  as  witness  t\\e  nauelev  w.wvV\X\^V\^. 
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When  a  bird  is  s\veei>iiig  in  a  circle,  the  wiu^  ]>oii)ting  towards  the 
center  of  that  circle  is  always  less  extended  than  that  which  sweeps 
the  circumference,  so  that  when  a  sailing  bird  is  seen  slightly  to  fold 
one  of  his  wings,  it  may  bo  known  that  he  is  about  to  turn  towards 
that  side. 


Fio.  14. — Wings  retracte<l. 

The  whole  body  aids  in  this  movement;  the  whole  bird  bears  itself 
to  that  side,  the  tail,  even  when  rudimentary  and  hence  feeble  in  action, 
concurs  in  the  execution  of  this  mancpuver.  It  is  an  instinctive  action 
among  the  feathered  tribe,  just  as  with  man,  when  he  uses  his  arms  to 
equilibrate  himself  on  his  legs. 

The  two  wings  never  balance  each  other  perfectly;  one  side  is 
always  heavier  than  the  other,  as  the  surfaces  are  not  equally  divided. 
Differences  in  weights  and  surfaces  cause  a  tilt  towards  the  side  most 
heavily  loaded  or  exposing  least  surface,  as  the  case  may  be;  hence 
aeroplanes,  whether  machines  or  birds,  always  tend  to  sweep  to  one 
side  or  the  other.  To  obtain  rectilinear  progression  some  corrective 
force  must  intervene.  In  the  animated  aeroplane  this  force  consists  in 
life;  in  artificial  flying  apparatus  man  will  needs  produce  this  force.  It 
might  be  possible  to  produce  rectilinear  progression  automatically,  in 
large  aeroplanes,  by  means  of  electrical  apparatus,  in  which  contacts 
would  be  made  through  the  use  of  mercuiy  which  would  seek  its  level. 

When  we  observe  attentively  a  sailing  bird  gliding  in  a  strong  and 
irregular  current  of  wind,  we  are  struck  with  the  rapidity  with  which 
the  center  of  gravity  is  shifted  in  order  to  satisfy  the  needs  for  support 
and  for  maintaining  the  course.  A  i^iitt'  of  wind  immediately  results 
in  a  flexing  of  wings,  their  tips  swing  to  the  rear,  the  center  of  gi*av- 
ity  advances  in  consequence,  and  thus  neutralizes  the  increased  pres- 
sure produced  by  the  acceleration  in  the  current  of  air. 

This  adroit  evolution,  performed  just  at  the  right  time,  w^hich  at  first 
sight  seems  to  be  an  instinctive  action  of  the  creature,  is  probably  after 
all  simply  automatic.  We  may  be  assured  that  this  change  in  form  of 
surface,  this  alteration  in  the  equipoise  is  not  produced  by  the  con- 
scious vital  action  of  tlie  nerves,  but  is  simx^ly  a  phenomenon  of  muscu- 
lar elasticity.  The  bird  receives  the  shock  of  the  wind  unconsciously, 
Ids  attention  is  otherwise  engaged,  his  wings  are  stretched  at  their 
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usual  tensipu.  When  they  eucouuter  a  pressure  greater  than  usual, 
the  tips  yield,  swing  to  the  rear,  and  automatically  perform  the  nec- 
essary manceuver. 

In  mechanical  aeroplanes  it  will  be  indispensable,  and  very  easy,  to 
imitate  nature  in  this  act;  two  springs  of  calculated  strengtli,  main 
taining  the  wings  in  the  ])osition  of  ordinary  equipoise,  might  verj^ 
well  answer  the  purpose. 

It  follows  from  the  facts  just  stated  that  it  is  probable  that  birds  often 
sail  unconsciously.  This  is  the  conclusion  resulting  from  attentive 
observation.  Whosoever  has  closely  watched  sailing  birds  will  infer 
that  during  three-fourtlis  of  the  time  they  expend  neither  force  nor  will 
power,  that  direct  action  on  the  part  of  the  creature  only  occurs  when 
he  makes  a  decision,  such  as  to  change  his  gait  or  his  direction. 

This  line  of  thought  leads  us  to  fancy  that  the  soaring  birds  sleep  on 
the  wing.  Assuredly  no  bird  actually  goes  dead  to  sleep  during  flight, 
yet  those  sufficiently  gifted  to  spend  six  or  eight  hours  in  the  air  for  no 
pai'ticular  purpose  must  reach  a  state  nearly  approaching  slumber,  and 
which  must  be  very  restful.  This  may  resemble  the  slumber  of  the 
horse  while  standing,  in  which  he  still  retains  sufficient  control  over  his 
muscles  to  preserve  the  equipoise  on  his  four  legs. 

How  far  will  automatic  mechanism  i)ermit  man  to  progress  with  his 
aeroplanes?  It  is  easy  to  foresee,  at  first  glance,  that  he  need  take 
action  only  when  first  starting,  upon  reaching  decisions,  and  in  final 
alighting;  the  rest  of  the  time  his  faculties  maybe  otherwise  occupied, 
and  it  is  quite  certain  that  mere  support  will  be  attained  without  com- 
pelling him  to  intervene  at  each  instant. 

MAN-FLIGHT   THEORETICALLY   CONSIDERED. 

Is  the  reader  then  to  infer  that  the  author  has  dared  to  dream  of 
surpassing  nature  in  aerial  evolutions  ?  It  is  certain  that  before  talking 
of  improving  upon  nature,  it  would  be  more  becoming  to  make  an  at- 
tempt to  imitate  her;  not  as  a  lord  of  creation,  but  as  an  humble  adept 
Yet,  as  the  author  has  seriously  contemplated  producing  a  larger  bird 
than  any  existing  in  nature,  and  as  there  may  be  some  value  in  his 
thinkings,  notwithstanding  the  deficiency  of  experiments,  he  will  enter 
upon  the  question  of  possible  man-flight. 

We  are  led  to  consider  this  question  by  nature  herself;  she  occasion- 
ally lifts  a  corner  of  the  veil  through  certain  evolutions  of  her  favorite 
children.  In  point  of  fact,  when  we  continually  observe  the  sailing 
birds,  when  we  expend  on  this  study  much  time,  much  action,  andmiii'h 
thought,  we  are  rewarded  once  in  a  while — rarely,  it  is  true — by  the  sight 
of  some  manoeuver  which  sets  us  to  dreaming  of  its  imitation. 

We  say  to  ourselves  upon  observing  it:  But  why  does  not  the  bird? 
instead  of  fatiguing  himself  by  wheeling,  rowing  or  struggling  as  he 
generally  does,  always  employ  his  present  evolution,  so  economical  of 
force  ! 
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The  answer  is  simple.  If  there  be  a  creature  with  super-abundant 
life,  it  is  the  bird.  With  him,  movement  is  not  the  result  of  reflection ; 
it  pi-oceeds  from  the  great  excess  of  power  he  possesses,  and  as  he 
knows  no  will  but  his  own,  he  can  not  resist  the  desire  and  follows 
it  to  the  detriment  of  his  force. 

The  simple  comparison  ef  the  diflferent.  modes  of  flifjht  is  already  a 
step  towards  success;  we  have  been  able  to  select  one  mode  as  most 
available  to  man,  and  as  best  within  the  reach  of  his  means  of  imita- 
tion. Let  us  take  another  step  forward  and  consider  which  evolu- 
tions, among  the  numerous  manoBUvers  performed  by  our  chosen  type, 
the  great  tawny  vulture,  it  is  most  easy  to  re-produce,  and  what  is 
most  profitable  for  our  purposes.  Then,  even  while  canvassing  this 
election,  if  we  meet  any  happy  thought,  let  us  analyze  it  coolly  but 
without  shyness;  for,  by  carrying  it  to  an  extreme  we  may  perhaps 
find  something  new. 

Assuredly,  when  man  shall  have  succeeded  in  utilizing  the  wind  in 
flight,  he  will  bring  to  bear  his  ingenuity  upon  that  art  and  it  will 
enable  him  not  only  to  iinitate  nature  but  to  suri)a8s  her  i)erform- 
ances.  Thns  it  will  not  be  impracticable  for  him  to  produce  a  sailing 
apparatus  more  steady  and  slow  than  the  condor  or  the  oiicou  vulture; 
or  perhaps  a  motor  machine  possessing  greater  speed  than  the  teal; 
this  he  will  do  by  exaggerating  the  features  of  these  diflferent  modes  of 
flight.  But  he  will  excel  especially  in  the  profound  study  of  the  science 
of  flight.  He  will  not,  like  the  bird,  be  constantly  distracted  by  his 
necessities  or  by  fear;  every  movement  will  be  foreseen  and  provided 
for;  every  danger  and  contingency  will  be  vanquished  in  advance,  and 
he  will  need  but  to  mind  his  evolutions  —  a  dutv  which  he  will  fulfill 
resolutely,  with  his  characteristic  science. 

As  methods  of  getting  about — not  to  mention  the  railway,  the  steam- 
boat, or  the  balloou — man  has  invented,  out  and  out,  two  new  modes 
of  locomotion,  complete  in  all  their  parts  and  with  no  analogue  in 
nature:  I  mean  the  skate  and  the  velocii>ede;  why  then  shotild  he  not 
bring  to  perfection  a  mode  already  known,  which  nothing  warrants 
considering  as  having  reached  its  utmost  limit? 

When  the  first  dread  has  been  conquered,  when  the  horror  of  empty 
space  has  been  mastered  through  habitude,  intelligent  man,  after  hav- 
ing re-produced  Jill  the  gaits  of  the  birds,  will  want  to  improve  ui>on 
them.  He  will  inciuire  whether  there  are  not  i)0S8ibilities  beyond  them. 
Then  with  varied  sustaining  surfaces  he  will  attempt  to  rise,  advancing 
into  the  wind,  or  he  will  rise  with  a  stern  wind,  both  evolutions  being 
performed  without  sweeping  in  circles;  and  beyond  all  this,  he  will 
attempt  gliding  ba<;kward. 

With  the  wind  dead  against  him,  man  will  needs  study  whether  it 
is  most  advantageous  to  rise  direct,  even  advancing  to  windward,  as 
in  the  case  of  the  eagles  already  herein  described,  or  to  sweep  around 
in  circles,  thus  drifting  back  and  afterwards  regaining  the  lost  ground 
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at  the  expense  of  height.  This  last  procedure  is  the  one  generally 
employed  by  the  birds,  but  as  we  know  that  they  can  do  better  ui)on 
occasion,  it  might  be  well  to  experiment.  Birds  aj'e  like  all  inferior 
creatures:  they  do  not  like  to  tax  their  brain  with  sustained  attention, 
and  the  circling  sweep  brings  no  tax  upon  their  heads,  while  it  enables 
them  to  search  for  food.  Inasmuch  as  man  will  only  desire  to  get 
forward  over  the  ground,  and  possesses  greater  faculties  for  combina- 
tions than  birds,  the  care  in  balancing  required  by  direct  ascension 
will  be  mere  sport  to  him. 

With  the  wind  abeam  nothing  is  more  simple.  All  there  is  to  do,  so 
to  speak,  is  to  allow  ourselves  to  sail.  The  sailing  birds  while  doing 
this  wear  a  happy  look ;  the  observer  feels  that  they  are  laboring  neither 
with  body  nor  with  brain,  especially  if  the  wind  be  brisk  enoagh  to 
sustain  them  well.  If  the  breeze  is  feeble  then  they  have  to  take  to 
circling  from  time  to  time;  but  when  it  is  sufficiently  strong  saihng  on 
a  quarter  wind  is  certainly  the  most  convenient,  and  it  is  the  first  mode 
which  will  be  successfully  employed  by  man.  It  will  be  the  system 
causing  the  least  difficulty,  and  which  man  will  utilize  much  more  than 
the  bird,  the  former  being  always  anxious  t-o  get  to  his  journey's  end. 

A  brisk  wind  ought  to  j)ermit  of  direct  ascent,  even  if  blowing  from 
the  direction  sought;  by  facing  the  wind  and  rising  while  drifting  back» 
or  even  by  receiving  it  in  the  rear  of  the  jvroplane,  that  is  to  say  by 
gliding  with  the  wind  during  a  lull,  and  turning  an  angle  and  descend- 
ing slightly  during  a  i)uff  of  wind.  These  two  different  manteuvers  are 
I)erformed  by  the  sailing  birds,  but  they  employ  them  so  rarely  that 
they  may  be  said  not  to  be  in  their  line.  With  a  good  wind,  when  we 
desire  to  y)roceed  in  its  direction,  both  the  ascent  and  the  horizontal 
progress  will  be  achieved  in  the  latter  manner. 

Summing  up,  even  admitting  that  man  shall  invent  no  new  manCBU- 
vers,  he  will  nevertheless  have  a  choice  among  many,  and  their  combi- 
nation will  constitute  what  ought  to  be  termed  the  human  type  of 
flight.  We  may  condense  our  studies  into  a  smaller  compass  and  say: 
When  the  aeroplane  enters  into  motion,  its  center  of  pressure  varies  in 
the  direction  of  that  motion  and  is  displaced  by  an  amount  which 
varies  with  the  speed. 

W^ith  machines  **  heavier  than  the  air"  atrial  navigation  may  be  com- 
passed with  two  separate  classes  of  apparatus:  (1)  By  machines  with 
l^ropellers.     (2)  By  aeroplanes  without  propellers. 

The  first  cLass  is  quite  outside  of  my  present  design.  Mechanical 
science  will  eventually  furnish  quite  a  number  of  different  solutions; 
such  as  flapping  wings,  propelling  screws,  rocket  propulsion,  etc. 

The  second  class — that  is  to  say,  the  aeroplane  without  a  propeller- 
it  is  the  object  of  the  present  essay  to  promote.  What  has  been  stated 
herein  permits  me  to  affirm  that  in  the  flight  of  the  sailing  birds  (the 
vultures,  the  eagles,  and  other  birds  which  fly  without  beating  the 
air),  ascension  is  produced  by  the  skillful  use  of  the  force  of  the  wind, 
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and  that  tlie  i^fiiidance  is  tlie  result  of  skiHful  mancjeuvers;  so  that  by 
a  moderate  wind  a  mail  can,  with  an  aerophme,  unprovided  with  any 
motor  whatever,  rise  up  into  the  air  and  direct  himself  at  will,  even 
against  the  wind  itself.  Man  therefore  can,  with  a  rigid  surface  and 
a  properly  designed  apparatus,  repeat  the  manoeuvers  of  ascension 
and  guidance  performed  by  the  soaring  birds,  and  will  need  to  expend 
no  muscular  force  whatever,  save  for  guidance. 

As  to  the  exact  shape  to  be  given  to  the  aeroplane,  it  need  not  be 
discussed  in  this  chapter,  because  there  are  many  shapes  and  devices 
which  may  be  employed;  but  all  forms  of  apparatus,  however  dissimi- 
lar, must  be  based  upon  this  idea,  which  I  repeat:  Ascension  is  the 
result  of  the  skillful  use  of  the  power  of  the  wind,  and  no  other  force 
is  rexiuired. 

It  will  doubtless  be  very  difficult  for  many  persons  to  admit  that  a 
bird  can,  with  a  moderate  wind,  remain  a  whole  day  in  the  air  with  no 
expenditure  of  for(*e.  They  will  endeavor  to  suppose  some  indiscern- 
ible pressures  or  some  imperceptible  beats.  In  point  of  fact  the  hu- 
man mind  does  not  readily  admit  the  above  affirmation;  it  is  astonished 
and  seeks  for  all  the  evasions  it  can  find.  All  those  who  have  not  seen 
the  i>erformance  say,  when  ascension  without  expenditure  of  force  is 
mentioned  to  them,  ''Oh,  well,  there  were  some  motions  which  escaped 
your  observation."  It  even  occurs  sometimes  that  a  chance  or  super- 
ficial observer  who  has  had  the  good  fortune  to  see  this  manceuver 
well  performed  by  a  bird,  when  he  turns  it  over  in  his  mind  after- 
wards feels  a  doubt  invading  his  understanding;  the  performance 
seems  so  astonishing,  so  paradoxical,  that  he  asks  himself  whether  his 
eyes  did  not  deceive  him. 

For  observation  of  this  mano^uver,  in  order  to  carry  absolute  con- 
viction, must  bear  upon  the  performance  of  the  largest  vultures,  and 
upon  them  alone,  and  this  is  the  reason:  it  is  because  all  the  other  birds 
which  ascend  into  the  air  by  this  process  do  not  perform  the  necessary 
decomposition  of  forces  required  in  all  its  naked  simplicity. 

If  we  observe  small  birds,  we  see  creatures  weighing  only  a  few 
ounces,  the  martin,  the  bee-eater,  etc.,  perform  this  manceuver  in  higli 
winds  and  high  up  in  the  air.  But  even  when  carefully  observed  with 
a  telescope  a  doubt  remains,  in  consequence  of  the  enormous  power  of 
the  martin,  who  can  project  himself  forward  more  than  a  yard  with  a 
single  beat  of  wing. 

The  kites,  buzzards,  bustanls,  etc.,  when  they  rise,  wheeling  round, 
perform  such  complicated  manoeuvers  as  to  permit  a  doubt.  -  -  - 
To  reach  a  vigorous,  undeniable  demonstration,  we  must  discard  even 
the  great  eagle,  whose  mananiver  is  not  easily  followed  by  the  eye,  and 
we  must  absolutely  confine  our  observations  to  the  vultures.  Mere 
theorizing  would  never  open  up  the  conception  of  sailing  flight;  more- 
over, we  may  consider  it  a  dead  letter  when  human  life  is  to  be  risked 
in  experiment.     The  moral  result  of  observation  is  infinitely  more  con- 


460  THE    EMPIRE   OP   THE   AIR. 

vincing,  but,  alas,  it  is  beyond  the  reach  of  most  persons.  It  is  not 
in  Paris  that  the  seeker  will  become  convinced,  it  is  not  even  in  Europe, 
where  soaring  birds  are  so  rare  that  months  may  pass  without  one 
being  seen. 

In  short,  one  must  go  abroad  to  enter  this  new  path  of  investigation; 
the  path  through  which  I  have  reacslied  absolute  c(mviction,  and  which 
must  be  followed  by  all  who  desire  to  know  what  can  be  done.  If  they 
will  thus  observe  the  soaring  birds  in  their  own  habitat,  they  will 
doubtless  witness  all  the  performances  which  1  have  described,  and 
probably  still  others  which  have  escaped  me. 

But  to  be  convinced  a  man  must  see;  for  to  see,  even  only  once,  is 
better  J:han  a  whole  volume  of  explanations.  Therefore,  O  reader,  if 
you  are  interested  in  this  subject,  go  and  see  for  yourself  and  be 
edified.  Go  to  the  regions  where  dwell  the  birds  which  perform  these 
demonstrations;  and  when  you  have  beheld  them  for  a  few  instants, 
being  already  initiated  as  to  wiiat  to  observe,  comprehension  will  at 

once  come  into  your  understanding. 

•  •**••• 

Imperfect  machines. — It  is  somewhat  unfortunate  that  I  have  not  suf- 
ficient si)ace  left  for  a  little  treatise  upon  "paper  arrows."  This  school 
boy's  toy,  simple  as  it  may  seem,  is  (piite  instructive  when  its  principles 
are  studied.  The  arrow  may  be  constructed  in  various  forms,  from  the 
acute  triangle,  which  is  the  type  of  speed,  to  the  broadside  rectangle, 
the  aeroplane  type,  proportioned  like  a  stormy  petrel,  in  which  the  plane 
is  narrowest  m  the  direction  of  its  motion. 

Moreover,  we  note  that  nature  has  not  constructed  all  sailing  birds 
upon  the  same  model.  If  we  compare  the  aspect  of  the  great  tawny 
vulture  w'ith  that  of  the  stormy  petrel,  who  sails  wonderfully  in  a  high 
wind;  or  with  the  aspect  of  the  tern,  or  the  gannet,  or  the  frigate-bird, 
when  the  latter  assume  their  arrow -like  forms,  we  shall  i>ereeive  that 
there  is  a  great  diversity  of  models;  we  might  even  say  there  is  an 
antagonism  in  models,  for  w^e  have  noted  that  all  of  them  are  i>ertec*t 
in  their  flight  as  considered  in  relation  to  their  life  needs.  But,  not- 
withstanding these  diversities,  the  gliding  flight  of  each  creature, 
whether  sux)ported  on  elongated  or  on  square  wings,  is  always  based 
upon  the  same  general  principle;  it  results  from  the  possibility  of  shift- 
ing the  center  of  gravity  by  a  change  in  the  position  of  the  sustaining 
surfaces,  and  this  confers  the  faculty  of  maintaining  equii)oise  in  the  air. 

Aeroplanes,  provided  with  the  necessary  sustaining  surfaces,  and 
equipped  with  this  faculty,  will  be  sufticient  to  reproduce  the  sailing 
evolutions  of  the  birds.  We  may  now  conclude,  therefore,  that  a  par- 
ticular, special  shape  is  really  not  indispensable  for  aerial  locomotion; 
all  sorts  of  forms,  even  the  most  curious,  may  be  utilized;  only,  they 
will  produce  the  required  decompositions  of  forces,  under  the  action  of 
the  wind,  in  the  ratio  of  their  individual  perfections. 

Man  may  succeed  in  gliding  on  the  wind  with  circular,  triangular^ 
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or  rectangular  forms,  with  aerial  rafts  in  tlie  shape  of  an  arrow,  with 
irregular  forms  even,  j)rovi(led  always  that  he  can  shift  the  center  of 
gi'avity  as  required;  provided  also,  that  the  sustaining  surface  be  suflft- 
cleut  in  extent,  and  that  the  speed  of  the  wind,  or  the  speed  of  the 
aeroplane,  shall  be  about  22  miles  per  hour. 

The  problem,  thus  broadly  stated,  leads  to  some  curious  consequences. 
Eventually,  when  success  is  achieved,  we  shall  perhaps  be  quite 
surprised  to  see  some  second-hand  apparatus  circulating  in  the  air; 
some  aeroplanes  full  of  holes  and  rents,  i)atched  up,  damaged  and 
mended,  holding  together  by  the  grace  'of  Providence,  and  yet  gliding 
along  after  a  fashion.  These  will  not  be  the  best  to  resist  the  vicissi- 
tudes of  the  wind,  but  they  will  get  along  Just  the  same.  Now,  what 
is  theprcK)f  of  this!  I  have  conferred  liberty  ux)on  kites  and  upon 
Egyptian  vultures  whose  flying  surfaces  were  in  deplorable  condition; 
some  with  wings  almost  plucked  to  bare  poh^s,  some  with  a  wing  and  a 
half  only  (this  lack  of  counterpoise  in  their  sustaining  surfaees  trou- 
bles them  greatly).  1  remember  a  jiarticular  ])elican  who  glidetl  upon 
an  incHMiible  pair  of  wings.  He  had  lost  six  or  seven  primary  feathers 
at  lea-st,  and  the  rest  of  his  plumage  was  far  from  complete.  Yet, 
when  the  wind  blew  fresh,  he  launched  ont  from  sloping  ground  and 
sometimes  succeeded  in  getting  under  way.  Once  fairly  ui)  in  air,  he 
became  most  surprising.  Gliding  upon  his  ragged  wings  he  would 
skim  within  a  yard  of  the  observer,  his  neck  bent  back,  his  head  rest- 
ing uyytm  his  shoulders  with  an  air  of  supreme  impertinence.  He 
would  go  out  for  a  tour  over  the  sea,  would  ('ome  ba(?k  to  inspect  the 
market,  and  complete  his  perigrinations  by  settling  down  on  the 
waves.  A  most  curious  thing  it  was  to  see  this  creature,  which  was 
quite  tame,  pass  close  at  hand,  very  swiftly,  near  the  spectators.  He 
produced  a  strange  sensation  by  gliding  by  with  ease  and  no  exertion. 
It  w^as  a  foretaste  of  the  pleasures  of  atrial  speed — a  sort  of  class-room 
gliding,  in  which  the  bird-i)rofessor  was  tejiching  the  beholders  the  art 
of  sailing  flight. 

After  all  these  digressions,  the  main  question  which  comes  up  is  the 
following:  What  is  the  least  suifaee  re(uiir(»d  to  sustain  a  man  and 
apparatus,  weighing  17G  pounds? 

The  exact  answer  must  be  ascertained  by  experiment;  but  we  may 
even  now  say  that  it  probably  will  astonish  by  its  mediocrity.  My 
own  idea  is  that  82  square  feet  will  suffice,  as  a  mininnim,  to  sustain 
176  i>ounds  in  sailing  flight. 

•  •*#**• 

JSpeculation^t  as  to  resulU — After  having  discussed  the  benefits  to  be 
derived  from  the  conquest  of  the  air,  let  us  now  consider  the  i»ertur- 
bations  which  it  may  cause.  Let  us  see  whether  there  is  not  some  blot 
on  the  other  side  of  the  shield;  for  so  important  an  achievement  as 
this  new  mode  of  locomotion  can  not  take  x)lace  without  producing  dis- 
turbances. 
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Let  US  admit  that  the  i)rol)lem  is  solved,  and  let  U8  speculate  upuii 
the  effects  upon  society.  Let  us  begin  with  i)roperty.  Property  will 
be  riven  with  an  enormous  gap.  With  the  patent  insufficiency  of  in 
closure,  with  intrusion  into  the  privacy  of  home,  hedges.  Malls,  will  no 
longer  be  of  service;  the  inclosure  under  the  roof  will  be  incomplete 
and  will  need  emendation.  All  this  will  constitute  a  curtailment  of  the 
privileges  of  possession,  for  a  little  consideration  evidences  the  dimiii- 
inished  efficiency  of  barriers.  We  shall  no  huiger  be  at  home  a,s  here- 
tofore; there  is  no  need  to  dwell  on  this,  it  is  easily  grasi)ed. 

But  what  of  the  collectors  of  cnistoms  and  the  police  in  the  presence 
of  this  new  mode  of  locomotion?  They  often -fail  to  control  existing 
ways  of  comnuinication  which  nevertheless  are  uj>on  well-defined  lines, 
where  all  must  pass  and  are  easily  inspecrted.  What  will  these  officers 
do  when  they  must  watch  the  air,  that  immense  pathway  some  4  or 
5  miles  high?  During  the  day  it  may  be  possible  to  fancy  some 
partly  satisfactory  surveillance;  with  a  large  force,  good  telescopes, 
fast  cruisers  of  the  air,  we  might  i>erhaps  exercise  some  control,  but 
at  night,  what  is  to  be  donef  llow  can  we  bar  the  emjiire  of  air? 
How  can  we  so  much  as  watch  it  when  opaque  fog  annihilates  the  ef- 
fects of  electric  retiectors  f  Smugglers  will  certainly  have  such  facili- 
ties for  plying  their  industry,  that  the  only  thing  to  do  will  be  to  sup- 
press tbe  custom-house  entirely. 

But  then  what  will  become  of  the  revenues  and  the  balance  of  the 
budget?  These  perturbations  to  property,  to  the  customs,  to  the  po- 
lice, are  mere  bagatelles  when  comi)ared  to  the  perturbations  which 
will  result  in  political  matters.  After  all  there  may  be  found  in  time 
means  more  or  less  sufficient  to  supervise  the  transportation  of  goods; 
men  will  become  accustomed  to  the  new  limitation  of  privacy;  but  as 
to  political  matters  we  shall  find  ourselves  in  the  presence  of  such  fa- 
cilities for  confusion  that  the  like  has  not  been  seen  since  the  tower  of 
Babel. 

What  will  become  of  the  army,  this  new  invention  being  successful? 
All  will  have  to  be  done  over  again;  the  fortifications,  the  maineuvers, 
the  defenses  of  the  frontiers,  strategy,  all  is  brought  to  naught.  It 
will  even  cause,  in  a  very  short  time,  the  suppression  of  nationalities: 
races  will  be  rapidly  commingled  or  destroyed,  for  there  will  no  longer 
be  efficient  barriers,  not  even  those  movable  barriers  Avhich  we  term 
armies.  IN^o  more  frontiers !  No  more  insular  seclusion !  Xo  moi-e  for- 
tresses!   Whither  are  we  drifting? 

It  must  be  confessed  that  we  are  face  to  face  with  the  great  unknown. 
What  will  be  the  result?     Will  society  i)erishf    Assuredly  no! 

As  to  the  procedure  that  society  will  adopt  to  conform  to  this  new 
mode  of  existence  I  have  not  the  least  idea,  but  it  may  be  affirmed 
that  society  will  emerge  victorious  from  the  struggle;  that  after  the 
tempest  caused  by  injured  interests  a  period  of  restorexl  equilibrium 
willfollow ;  and  thfit  in  the  end  at  the  cost  of  a  time  of  distress,  humanity 
will  enter  into  possession  of  the  empire  of  the  air. 
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Thus  we  may  recover  our  e([uauimity  and  calmly  consider  the  pos- 
eibility  of  success.  We  may  proc^eed  toward  that  pharos,  that  beacon, 
which  is  the  immeasurable  law  of  nature  and  which  we  call  j)rogres8; 
for  human  progress  is  synonymous  with  welfare. 

Finally,  I  counsel  the  greatest  possible  prudence  to  all  who  under- 
take to  solve  the  problem  of  sailing  flight.  Let  them  carefully  canvass 
all  the  causes  of  accidents  which  it  is  possible  to  foresee;  but  once  they 
have  made  this  canvass,  once  they  have  completed  their  researches,  I 
recommend  them  to  act  with  energy  and  will,  and  I  know  of  no  better 
word  to  say  to  them  than  the  one  with  which  I  began  this  monograph : 
"  Osez  " — daring  wins. 


q 
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PEOGRESS  OF  ANTHROPOLOGY  IN  1892. 


By  Prof.  Otis  T.  Mason. 


Antlii*oi)ology  has  busied  itself  with  tbe  multiplication  of  societies, 
iriials,  congresses  and  other  meaus  of  co-operative  work.  The  beue- 
of  this  is  seen  in  many  ways;  it  prevents  duplication;  it  puts  ma- 
lal  where  it  should  be  looked  for;  but,  chief  of  all,  it  enables  men  to 
dcrtake  enterprises  that  are  entirely  beyond  tlie  capacity  and  the 
Jources  of  individuals.  Tlie  increasing  favor  of  the  science  is 
served  in  the  fact  that  most  of  the  leading  governments  have  at 
iat  expense  organized  explorations  and  studies.  ''  The  year  1892," 
cl  Prof.  Macalister  before  Section  H  of  the  British  Association,  "has 
t  l>een  futile  in  discoveries  bearing  on  those  great  questions  that  are 
l>opular  interest."  Indeed,  there  has  been  a  growth  of  wholesome 
iibt  on  questions  concerning  which  men's  minds  were  thought  to  be 
'tied.  This  will  be  seen  most  apparent  in  the  archteological  area, 
L>ocially  in  America.  The  exauiination  of  ancient  corner  stones  and 
^udations,  the  clearing  away  of  encumbering  materials,  are  prepara- 
''y  to  the  strengthening  of  the  structure  at  every  point. 
The  American  Association  for  the  Advancement  of  Science  was  held 
Itoc-hester,  N.  Y.  As  usual,  the  science  of  anthropology  received 
larger  amount  of  attention,  even  outside  section  H.  This  fact  is 
^tioeable  especially  in  the  large  number  of  papers  devoted  to  domes- 
<-*ated  animals  and  plants. 

The  address  of  Vice-President  Holmes  had  for  its  topic  ''  the  evolu- 
011  of  the  asthetic."    The  following  pai)ers  were  read  i 

Proposed  cliissificatioa  aud  interna tiotial  noiueuclature  of  anthropologic  sciences, 

.  G.  BriutoD. 

Tn^ayan  legends  of  the  Snake  and  Flntii  people,  Matilda  ('.  Stevenson. 

Primitive  number  systems,  L.  L.    Oouant. 

The  Peabody  Mnseum  Honduras  expedition,  F.  W.  Putnam. 

[Exploration  of  the  main  structure  of  Copan,  lionduras,  M.  H.  Savillc. 

^''audalism  among  the  antiquities  of  Yucatan  and  Central  America,  id. 

Aboriginal  quarries  of  ilakable  stone  and  their  bearings  upon  the    question  of 

]:eolithic  man,  W.  H.  Holmes. 

sacred  pipestone  qaarries  of  Minnesota  and  ancient   copper  mines  of  Lake  8u- 

rior^  id. 

)n  theso-caUcd  pala^olitliic  im))lcineuts  of  the  upper  Mississippi,  id. 

Iricf  remarks  upon  the  alphubot  of  Lauda,  II.  T.  Orcsson. 
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Comparativo  chronology,  W.  J.  McGee. 

The  early  religious  of  the  Iroquois,  W.  M.  Beauchamp. 

Early  Indian  forts  in  New  York,  id. 

Prehistoric  earthworks  in  Henry  County,  Intl..  T.  B.  Reddiug. 

Prehistoric  objects  from  the  Whitewater  Valley,  Amos  W.  Butler. 

Indian  camping  sites  near  Brookville,  Ind.,  id. 

Earthworks  near  Anderson,  lud.,  id. 

Pebbles  chipped  by  modern  Indians  as  an  aid  in  the  study  of  the  Treuton  gravel 
implements,  H.  C.  Mercer. 

Ancient  earthworks  iu  Ontario,  C.  A.  Hirschfelder. 

Prehistoric  trade  in  Ontario,  id. 

Fort  Ancient,  Ohio,  S.  S.  Scovillc. 

Copper  implements  and  ornaments  from  the  Hopewell  grou]),  Hoss  County,  (»bio; 
W.  K.  Moorehead. 

The  ruins  of  southern  Utah,  id. 

Demonstration  of  a  recently  discovered  cerebral  porta. 

Pueblo  myths  and  ceremonial  dances,  F.  H.  Cushiug. 

Ancient  hearth  iu  stratified   gravels    on  Whitewater    River,   Indiana,   A.  W. 
Butler. 

Skull  of  a  pig  having  an  arrowhead  imbedded  iu  the  bone,  E.  W.  Claypole. 

Ruins  of  Tiahuauaco,  A.  F^.  Douglas. 

Involuntary  movement*,  Joseph  Jastrow. 

Pottery  from  a  mound  in  Peoria,  HI.,  J.  Kost. 

A  definition  of  anthropology,  O.  T.  Mason. 

The  Department  of  Anthropology  at  the  World's  Columbian    Exposition,  K.  W. 
Putuiam. 

Model  of  serpeut  mound,  Ohio.  id. 

The  address  before  Section  I  by  its  vice-president,  Lester  F.  Ward, 
should  not  be  overlooked  in  this  connection.  The  subject  is,  **The 
I)sychologic  basis  of  social  economics."  The  active  co-operation  of  Se<*- 
tion  H  in  anthropology  at  the  World's  Fair  was  secured,  and  the 
association  was  adjourned  to  Madison,  Wis.,  so  as  to  be  near  the  city 
of  Chicago.  Plans  were  laid  to  have  the  Association  and  the  Congress 
of  Anthrojiology  continuous. 

At  the  British  Association  for  the  Advancement  of  Science,  held 
in  Edinburgh,  August,  1892,  the  following  committees  reported  work 
done  along  the  lines  of  American  anthropology: 

Report  of  the  committee  appointed  for  the  i)urpose  of  editing  a  new 
edition  of  '* Anthropological  Notes  and  Queries." 

Report  of  the  committee  for  investigating  the  ruins  of  Mashonaland 
and  the  habits  and  customs  of  the  inhabitants. 

Report  of  the  committee  appointed  to  report  on  the  prehistoric  and 
ancient  remains  of  Glamorganshire. 

Eighth  report  of  the  committee  appointed  to  investigate  the  physi 
cal  characters,  languages,  and  industrial  and  social  condition  of  tbe 
Northwestern  Tribes  of  the  Dominion  of  Canada. 

Remarks  on  linguistic  ethnology,  introductory  to  the  report  on  the 
Kootenay  Indians  of  Southeastern  British  Columbia. 

Report  on  the  Kootenay  Indians  of  Southeastern  British  Columbia. 

Report  of  the  committee  ai)pointcd  to  investigate  the  habits,  customs, 
physical  characteristics,  and  religions  of  the  natives  of  India. 
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Eeport  of  the  committee  for  the  purpose  of  carryiug  on  tlie  work  of 
the  anthropometric  laboratory. 

The  address  before  Section  H — Anthropology — was  delivered  by 
President  Alexander  Macaliwter,  m.  d.,  f.  b.  s.,  i)rofessor  of  anatomy 
in  the  University  of  Cambridge. 

The  following  papers  were  read: 

(1)  On  the  organlzatiou  of  local  Jiuthropological  research,  by  K.  W.  Brabrook. 

(2)  Discovery  of  the  common  occurrence  of  paheolithic  weapons  in  Scotland,  by 
Rev.  Frederick  Smith. 

(3)  Notes  on  cyclopean  architecture  in  the  South  Pacific  Islands,  by  R.  A.  Stern- 
lale. 

(4)  On  a  fronto-limbic  formation  of  the  Iiuman  cerebrum,  by  Dr.  L.  Manouvrier, 
>rofessor  at  the  School  of  Anthropology,  Paris. 

(5)  The  Indo-Europeans'  conception  of  a  future  life  and  its  bearing  upon  their 
'eligions,  by  Prof.  G.  Hartwell  Jones,  M.  a. 

(6)  Exhibition  of  photographs,  weapons,  etc.,  of  the  Toba  Indians  of  the  Gran 
?haco,  by  J.  Graham  Kerr. 

(7)  Exhibition  of  pre-paleolithic  flints,  by  J.  Montgomerie  Bell. 

(8)  The  present  inhabitants  of  Msuihonaland  and  their  origin,  by  J.  Theodore  Bent. 

(9)  On  the  value  of  art  in  ethnology,  by  Prof.  A.  C.  Haddon. 

(10)  Similarity  of  certain  ancient  necropoleis  in  the  Pyrenees  and  in  North  Brit- 
lin,  by  Dr.  Phend,  r.  s.  a. 

(11)  A  contribution  to  the  ethnology  of  Jersey,  by  Andrew  Dunlop,  m.  d.,  f.  g.  s. 

(12)  On  the  past  and  present  condition  of  the  natives  of  the  Friendly  Islands,  or 
Fouga,  by  R.  B.  liCefe. 

(13)  Damma  Island  and  its  natives,  by  P.  W.  Bassett- Smith,  surgeon  R.  N.,  f.  r. 

tl.  8. 

(A  discussion  on  anthropometric  identification  was  opened  by  Dr.  L.  Manouvrier, 
»f  Paris.) 

(14)  Some  developmental  and  evolutional  aspects  of  criminal  anthropology,  by 

P.  S.  Cloubton,  H.  D.,  F.  K.  S.  E. 

(15)  On  a  coiffure  from  the  South  Seas,  by  Sir  W.  Turner. 

(16)  On  the  articular  processes  of  the  vertebrie  in  the  gorilla  compared  with 
tboRo  in  man,  and  on  cos  to- vertebral  variation  in  the  gorilla,  by  Prof.  Struthers, 

1.  D.,  LL.  D. 

(17)  On  the  probable  derivation  of  some  characteristic  sounds  in  certain  lan- 
piages  from  cries  or  noises  made  by  animals,  by  J.  Mansel  Weale. 

(18)  On  the  prehensile  power  of  infants,  by  Dr.  Louis  Robinson. 

(19)  The  integumentary  grooves  on  the  palm  of  the  hand  and  sole  of  the  foot 
)f  man  and  the  anthropoid  apes,  by  David  Hepburn,  M.  d.,  c.  m.,  f.  r.  8.  e.,  senior 
lemonstrat or  of  anatomy.  University  of  Edinburgh. 

(20)  On  the  contemporaneity  of  man  and  the  moa,  by  H.  O.  Forbes. 

(21)  A  discussion  on  human  osteometry  was  opened  by  Dr.  J.  G.  Garson. 

(22)  Exhibition  of  composite  photographs  of  United  States  soldiers,  by  Dr.  J.  G. 
jranon. 

(23)  Observations  as  to  physical  deviations  from  the  normal  as  seen  among  50,000 
children,  by  Francis  Warner,  m.  i>. 

(24)  On  the  brain  of  the  Australian,  by  Prof  A.  Macalister. 

(25)  On  skulls  from  Mobanga,  Upper  Congo,  by  Prof.  A.  Macalister. 

(26)  On  some  facial  characters  of  the  ancient  Egyx)tian8,  by  Prof.  A.  Macalister. 

(27)  On  some  very  ancient  skeletons  i'roin  Meduui,  Egypt,  by  J.  G.  Garson,  m.   i>. 

(28)  On  a  skull  from  Port  Talbot,  Glaniori»^anshii'e,  by  C.  Phillips,  B.  a. 

(29)  On  trepanning  thf)  human  skull  in  prehistoric  times,  by  Robert  Mnuro,  m. 
\..  M.  n. 
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(30)  On  the  use  of  narcotics  by  the  Nicobar  Islan^ler^.  and  certain  deforiDatioDi 
connected  therewith,  by  E.  H.  Man. 

(31)  Exhibition  of  the  philograph — a  simple  apparatus  for  the  ])reparation  of 
lecture  diagrams,  by  0.  W.  Bloxam,  M.  A. 

(32)  Exhibition  of  i^hotographs  representing  the  prehensile  power  of  infants,  by 
h.  Robinson,  M.  i>. 

The  stroug  point  for  anthropology  in  the  British  Association  is  iU 
eminent  committees,  which  have  guided  exploration  in  many  directions. 
In  the  French  Association  for  the  Advancement  of  Science,  held  at  Fan 
under  the  presidency  of  Dr.  Magitot,  September  15-21,  the  following 
papers  on  the  program  are  of  interest  to  anthropologists  in  general: 

Affinities  between  the  Basque  language  and  certain  idioms  of  the  two  contiuenti 
Charency,  Vinson,  Manouvrier,  Azenia,  Ouillibeau,  Gaido  Cora,  and  Dodgson;  Let 
Tziganes;  Gnido  Cora;  arcba^ilogy  of  the  Pyrenees,  Cartailhac;  depopulation  ol 
France,  Chervin;  prehistoric  finds  in  the  valley  of  the  V^zfere,  Girod  et  Msfisemt; 
anthropology  and  the  arcliieology  of  the  Pyrenees,  a  discussion,  proposed  by  M. 
Piette;  Le  Tonkin,  Barbier.  The  question  of  the  Basques,  their  anthropologieaJ 
characters,  their  liistory,  their  language,  their  traditions,  and  folklore  consumed  the 
bulk  of  the  time. 

The  twenty-third  annual  session  of  the  German  Anthropological 
Society  was  held  in  Ulm,  August  l-»'^.  The  following  imiK)rtant  mat 
ters  were  discussed : 

Kin  Blld  aus  Schwabens  Vorzeit,  E.  von  Trolt«ch. 
WisseuschaftliclK-r  Jahresbericht,  J.  Ranke. 
Die  Schjidel  von  Cunnstadt  und  Neanderthal,  v.  Holder. 
Die  anthropologische  Stellung  der  Juden,  F.  von  Lnschau, 

Die  Menschenrasseu  Kuropas  und  die  Frage  nach  der  Ilerkuuft  der  Arier,  J* 
Kollmnnn. 
Anthropologischiss  aus  Malacca,  R.  Virchow. 

The  German  Anthropological  Society  devotes  all  its  time  to  this  one 
subject.  In  their  national  (congress  of  naturalists  and  physicians,  topics 
relating  to  man  are  also  discussed  by  German  Anthropologists. 

At  the  eleventh  session  of  the  congres  internationaux  d'archeologie 
l)rehistorique  et  d'anthropologie,  convened  at  Moscow,  the  foUowiug 
papers  were  read  : 

What  is  the  most  ancient  race  of  central  Kussia  f    Anatole  Bogdauov. 
The  ra04*8  of  men  in  Europe  and  the  Aryan  (fuestion.     Dr.  Kollmann. 
The  antliroponietric  types  of  great  Russians  in  the  central  governments  of  RasaiA. 
Zograf. 
New  classification  of  human  crania.    Prof.  Sergi. 
On  ancient  skulls  in  Kussia  artificially  deformed.     Dr.  Anontchiue. 
Review  of  the  anthroi)ometry  of  peoples  of  Transcaucasia.     Ernest  Chancre. 
Race  in  anthropology.     Paul  Topinard. 

Proposal   for  a  reformed  nomenclature  of  the  peoples  of  Asia.     Emeet  Chantre. 
Anthropometric  methods  practiced  in  Russia.     Zograf. 

Three  commissioners  were  appointed  during  the  cougi'ess,  upon 
craneometry,  on  anthropometry,  and  on  the  nomenclature  of  the  peo 
pies  of  Asia. 
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The  first  named  under  the  chairmanship  of  Virchow,  reported  at  the 
meeting,  as  follows: 

^  I.  Norma  or  orientation  of  the  akulls.  Kach  one  i.s  free  to  take  the  one  which  he 
jprefera.  The  norma  horizonialia  or  auriculo  orbitaire  in  recommeuded  for  drawiugn 
'  and  for  photographs. 

II.  Great  diameters, — The  maximum  length  and  the  maximum  truusvere  width 
according  to  the  French  method  are  adopted  to  the  excluBiou  of  other  analogous 
diameters.    Whenever  these  last  are  employed  they  must  he  announced. 

III.  Frontal  diametere. — To  the  minimum  frontal  width,  adopted  only  in  Germany, 
is  added  the  maximum  width,  which  ought  to  be  measured  on  the  Stephanie  point, 
of  Broca. 

IV.  Total  height  of  the  ftkull. — This  measure  should  be  preserved,  but  it  ought  to 
be  taken  or  it  wiU  fall  into  disuse. 

The  committee  prefer  for  this  purpose  the  compass  of  Virchow.  If 
this  instrument  is  not  adopted  the  legs  of  Broca's  sliding  compass 
must  be  lengthened.  The  utility  of  this  modification  is  perceived  in 
mensurations  on  the  living.  It  is  only  with  a  comjiass  with  long 
branches  that  the  total  height  of  the  skull  can  be  taken  through  the 
auricular  points. 

V.  The  curcee, — ^The  curves  mnst  be  taken  with  a  Hteel  metric  ribbon.  The  hor- 
izontal should  pass  around  the  supra<'iliary  arches  an<l  the  most  salient  points. 
The  transverse  by  the  anditory  openings  and  the  bregma. 

VI.  The  face. — The  width  ought  to  be  taken  no  longer  on  the  jiigouiaxillary  sutures, 
but  U)K>n  the  two  points  that  give  the  maximum  width.  The  lieight  of  the  nasion 
ought  to  be  taken  at  the  upper  alveolar  point.  The  total  height  of  the  nasion  on 
the  mentoual  points. 

VII.  The  orbits. — The  diameters  of  the  orbits  ought  to  be  nioiKiiroil  on  the  internal 
borders.     For  the  width  the  dacrion  shonhl  be  abandoned. 

Vin.  The  ophrio-naso-alveolar  angle  ought  to  betaken  with  the  facial  goniometer 
of  Ranke  or  with  that  of  Broca.  In  this,  as  in  all  measures,  the  inHtrnment«  and  the 
methods  should  be  stated. 

In  his  paper  before  the  tenth  congress  of  archaeology  and  anthro- 
pology, Ernest  Chanti'e  made  a  report  on  the  measurements  of  the 
peoples  of  the  Caucasus,  of  which  the  following  is  the  abstract: 

(1)  Armenians,  brown,  brachycephalous,  mesoprosopic,  leiitorrhine,  and  above  the 
medium  in  stature. 

(2)  Aderbeganis,  brown,  dolichocephalous,  dolichoprosopie,  leptorrhine,  and  above 
the  medium  stature. 

(3)  Kards,  generally  brown,  with  elongated  faces,  eyes  never  bridged,  dolicho- 
cephalousy  leptorrhine,  and  above  the  medinm  stature. 

(4)  Aissori,  brown,  ultra-brachycephalons.  There  is  also  to  be  remarked  among 
them  mesoprosopism,  leptorrhinism,  and  a  stature  below  the  mean. 

(5)  Tadjiks,  very  brown,  mesoprosopic,  leptorrhine,  dolichocephalic,  tall. 

(6)  Hadjemi  Persians,  very  brown  also,  leptorrhine,  dolichocephalic,  dolicho- 
prosopie, and  of  medium  stature. 

*    (7)  Jews,  medium  color,  ultra-brachy cephalic.    They  are  distinguished  by  their 
meaoprosopism,  their  leptorrhinism,  and  medium  stature. 

(8)  The  Afghans  are  brown,  braohycephalic,  mesoprosopic,  leptorrhine,  and  tall 
in  stature. 

(9)  The  Kalmucks  are  brown,  mesorrhine.  The  eyes  are  bridged,  the  face  wide. 
They  are  brachycephalio  and  of  stature  above  the  moan. 

(10)  The  Lesghians  are  chestnut  in  color,  ultra-brachy cephalic,  mesoprosopic, 
leptorrhine,  and  very  taU. 
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This  is  by  far  the  most  impoi-tant  aHsemblage  of  aiitliroix)logists  in 
Europe.  Through  their  increasingly  closer  co-operation  it  is  hoped  to 
unify  methods  of  research  that  reports  from  one  country  may  be  taken 
up  and  utilized  in  another.  This  in  some  lines  has  been  hitherto  im- 
practicable. 

At  the  Australian  Association  for  the  Advancement  of  Scieuce,  held 
January  7  to  14,  the  i)resident  of  the  section  of  anthropology  was  the 
Rev.  Lorimer  Fison.     The  following  is  a  list  of  subjects  and  authors: 

The  stovy  of  Tie  aiul  Rie,  H«rvey  Is.,  Dr.  Gill. 
The  omens  of  pregnancy,  Mauj^aia,  Dr.  Gill. 
New  Britain  and  it«  people,  B.  Danks. 
►Sydney  natives  ftfty  years  ago,  W.  li.  Clarke. 
Group  marriage  and  relationship,  L.  Fison. 
Xair  polyandry  and  Dieri  Pirauni,  L.  Fison. 
Samoa  and  Loyalty  islands.  S.  Ella. 
Cave  paintings  of  Australia,  J.  Matthews. 
New  Hebrides,  D.  Macdonald. 
Notes  on  the  Taunese,  W.  Gray. 

At  the  eighth  annual  meeting  of  the  Indiana  Academy  of  Science, 
held  in  Indianapolis,  December  28  and  20,  the  following  pajXTS  of 
anthropologic  interest  were  read  : 

Evidences  of  man's  early  existence  In  Indiana,  from  the  oldest  river  gravels  along 
the  White  Water  Kiver,  hy  A.  W.  Butler. 
The  Crawford  mound,  by  H.  M.  Stoops. 
Notes  on  archeology  in  Mexico,  by  J.  T.  Scovell. 
Ancient  earthworks  near  Anderson,  Ind.,  by  F.  A.  Walker. 
ArchiEology  near  Tippecanoe  County,  by  O.  J.  Craig. 
Some  Indian  camping  sites  near  Brookville,  by  A.  W.  Butler. 
Remarkable  pre-historic  relic,  by  E.  Pleas. 

The  mounds  of  Brookville  Township,  Franklin  County,  Ind.,  by  IT.  M.  StoopR. 
Remarks  on  arclueological  map  making,  by  A.  W.  Butler. 

The  preparation  for  the  World's  Columbian  Exposition  occupicHl  the 
time  of  most  of  the  American  anthropologists  in  1892.  A  classification 
of  the  material  was  first  made  upon  a  purely  .anthropological  bavsis 
and  in  its  completed  form  made  full  provision  in  Department  M  for 
this  subject  under  the  topics:  Ethnology,  Archaeology,  Progress  of 
Labor  and  Invention. 

The  exhibit  was  bound  by  the  law  creating  the  Exposition  to  be 
double — the  Government  2)ortion  and  the  Exposition  portion  or  depart- 
ment. 

In  order  to  avoid  all  conflicts  it  was  arranged  that  the  first-named 
display  should  set  forth  the  resources  and  methods  of  the  GovemineDt 
in  the  prosecution  of  anthropological  work.  The  completion  of  the 
great  linguistic  maj)  furnished  the  key-note,  and  all  the  national  ex- 
hibits were  set  up  around  the  ideas  there  set  forth. 

The  area  covered  by  the  Department  M  was  of  a  much  wider  scope. 
Somatic  and  functional  anthropology  were  to  have  the  widest  range, 
and  tribes  of  living  i)eoples  were  to  encamp  on  the  grounds  to  give  em- 
phasis to  the  exhibits.    A  separate  building  was  provided  for^  in  which 
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the  phases  of  the  subject  should  be  separately  treated  and  the  different 
coantries  might  make  their  displays.  The  following  is  the  scheme  of 
the  display : 

GROUP  159. 

VIEWS,     PLANS,    OR     MODELS,     OF   PRE-HISTOKIC     ARCHITECTURAL    MOXUMENTS    AND 

HABITATIONS. 

Clotis  939, — Caves,  natural,  artificial;  ilwelliugH,  natural,  artificial. 
f'1a8$  940. — LaciiHtrine  (IwellingS;  dolmeiiM,  tuiuiili;  menhirs,  cromlechs,  alignments, 
cnpstones,  graves,  cists,  crematories. 

Class  941. — Cliff  and  other  dwellings,  models  of  dwellings,  shelters,  skin  lodges, 
yourts,  huts  (of  bark,  £n^a«8,  etc.),  wooden  honses. 

Class  942, — Appnrtenances.     Sweat  houses  (models),  totem  posts,  gahle  ornamenrs, 
lockR. 

Group  160. — Furniture  and   clothing  of  aboriginal,  uncivilized,  and  but  partly 
civilized  races. 

Class  943. — Household  utensils  and  furniture. 
Class  944. — Articles  serving  in  use  of  narcotics. 
Class  94j. — Articles  used  in  transportation. 
Cla4ts  946. — Clothing  and  adornment. 
Group  161. — Implements  of  war  and  the  chase. 
Group  162. — Tools  and  implements  of  industrial  operations. 

Class  947, — Gathering  and  storing  food  other  than  game.     Water  vessels. 
Class  94S. — Articles  used  in  cooking  and  eating. 

Class  949. — Apparatus  for  making  clothing  and  ornaments  and  of  weaving. 
Group  163. — Athletic  exercises,     (iranies. 

Group  164. — Objects  of  spiritual  signifitance  and  veneration. 
Group  165. — Historic  archaeology. 
Group  166. — Models  of  ancient  vessels. 
Group  167. — Ke-i)roductions  of  ancient  maps. 

Group  168. — ^Ancient  buildings,  cities,  and  monuments  of  the  perioil  anterior  to 
the  Discovery. 

GroX'P  169. — Habitations,  etc.,  built  since  the  Discovery. 

Group  170. — Originals,  copies,  or  models  of  notable  inventions. 

Group  171. — Amelioration  of  life  and  labor. 

Group  172. — Woman's  work. 

Group  173. — State,  national,  and  foreign  government  exhibits. 

Group  174. — The  North  American  Indians. 

Group  175. — Portraits,  bunts,  and  statues  of  great  inventors  and  benefactors. 

Group  176. — Isolated  and  collective  exhibits. 

By  act  approved  May  2,  1892,  the  Congress  of  the  LTnited  States  au- 
thorized a  representation  in  the  Exposition  of  Madrid  to  commemorate 
the  quadrocentennial  of  the  discovery  of  America.  The  various  De- 
partments and  the  National  Museum  were  authorized  to  participate. 
In  addition  to  this  Government  display,  the  Hem  en  way  Expedition,  the 
Peabody  Museum,  the  University  of  Pennsylvania,  the  Academy  of 
Natural  ScienctA  of  Philadelphia  took  part  in  the  exhibits  from  the 
United  States.  The  South  American  republics  were  well  represented, 
{IS  well  as  Mexico  and  Central  America.  The  Exposition,  lasting  six 
months,  was  held  in  the  new  museum  and  library  buihling  in  Madrid. 
It  aflforded  the  rarest  opportunity  of  bringing  together  a  great  variety 
of  art  products  from  the  two  Americas. 


472  PROGRESS   OP   ANTHROPOLOGY    IN   1892. 

A  great  deal  of  the  material  mounted  in  Washington  for  the  Worlds 
Fair  in  Chicago  was  exhibited  in  Madrid,  adding  to  the  interest  of  the 
exhibit.  The  catalogue  was  prepared  by  Mr.  Walter  Hough,  of  the 
U.  S.  National  Museum,  and  an  account  given  by  the  same  author  iu 
the  American  Anthropologist  for  July,  1893,  271-277. 

Dr.  Brinton  assumed  control  of  the  current  notes  on  anthropology 
in  Scienee  (New  York),  enabling  the  reader  to  profit  at  small  ex]>en8e 
by  a  vast  amount  of  research,  especially  into  European  literature  inac- 
cessible to  most.  The  method  pursued  is  to  devote  short  paragraphs 
to  the  comprehensive  statement  of  the  author's  aim  and  a  short  analy- 
sis of  the  work. 

An  extensive  catalogue  of  anthropological  literature  is  to  be  found 
in  each  volume  of  Archiv  fiir  Anthropologic,  classified  as  follows: 

I.  Pre-history  ami  Archaeology :  i.  Germany  ;ii.  Austria;  iii.  Switzerland;  i v. 
Great  Britain;  v.  Denmark;  vi.  Sweden;  vii.  Norway;  viii.  France;  ix.  Belgium: 
X.  Italy;  xi.  America. 

II.  Anatomy:    i.  1888;  ii.  1889;  in.  1890. 

III.  Volkerkunde  (1890):  i.  Sources;  ii.  Ethnology  (1.  Methods,  history  of  the 
science ;  2.  General  anthropology ;  3.  Influence  of  climate  and  environment ;  4. 
General  sociology ;  5.  Special  sociology). 

III.  Ethnography :  i.  General  cthnograpliy ;  ii.  Special  ethnography  (A.  Europe, 
with  15  subdivisions ;  B.  Asia,  with  13  divisions,  each  with  several  subdivisions;  C. 
Australia,  with  4  divisions ;  I).  Africa,  with 9  divisions ;  E.  America,  with  4  divisions). 

IV.  Zoology:  Account  of  zoological  literature  in  connection  with  anthropology 
for  the  year  1890.  (A.  Mammals  and  human  remains  from  the  diluvium  and  ])re- 
historic  times;  B.  Mammals  from  the  diluvium,  with  no  near  association  with 
man;  C.  Mammals  from  the  Tertiary  and  Mesozoic  times;  D.  Recent  mammals,  both 
8yst<ematic  study  and  distribution. ) 

There  are  many  things  to  be  said  in  favor  of  the  classified  bibliogra- 
phy, but  the  tendency  nowadays  is  to  a  single  alphabet.  The  title  col- 
lection of  the  Archiv  is  excellently  done,  and  frequently  a  brief  review 
accoiupanies  of  great  value.  The  only  drawback  to  the  handy  use  of 
such  a  bibliography  is  the  impracticability  of  carrying  so  long  an 
analysis  in  the  memory.  The  list  is  especially  full  by  reason  of  its  in- 
cluding only  works  that  are  two  years  behind  the  date  of  the  Archiv. 

I.  BIOLOCMOAL  ANTHROPOLOGY. 

Dr.  Friedrich  Eatzel'S  Anthropogeographie  at  the  close  of  1891 
reached  the  end  of  its  second  volume.  In  the  first  volume  the 
physiographical  and  the  climatological  difierences  were  discussed  as 
conditioning  the  varied  forms  of  settlement  and  civilization  and  the 
endless  varieties  of  mankind. 

The  second  volume  is  devoted  to  biogeography,  in^uding  a  graphic 
picture  of  human  distribution,  a  sketch  of  the  peopling  of  the  earth  as 
a  whole  {the  wkumene  of  the  GreckvS)  and  the  effet^t  of  position  in  this 
oeJcumene.  In  the  second  part  of  this  volume  some  important  matters 
are  taken  up,  namely,  the  significance  of  the  density  and  the  distri- 
bution of  populations,  the  want  of  progress  in  some  peoples,  their  ex- 
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tinction  when  brought  into  contact  with  higher  culture,  and  their  self- 
annihilation.  The  earth  as  modified  by  human  action  is  an  old  theme, 
but  with  the  new  light  of  modern  science  the  books  of  Guyot  and 
Bitter  and  Marsh  may  be  re-written.  The  author  of  this  series  has 
qnalitied  himself  for  this  task  by  a  series  of  lectures,  the  repetition  of 
which  has  made  him  quite  familiar  with  all  phases  of  the  subject. 

Anthropometry, — Dr.  R.  CoUignon,  of  Cherbourg,  France,  issued  a 
Projet  d'Entente  Internationale  pour  arreter  un  Programme  Commun 
de  Recherches  Anthropologiques.  The  object  of  this  projet  is  to  bring 
about  uniformity  everywhere  in  the  matter  of  bodily  measurements. 
In  reading  up  the  action  of  the  several  national  associations  and  inter- 
national congresses  the  reader  will  see  that  the  old  struggle  for  agree- 
ment concerning  common  measures  and  method  goes  on.  The  convic- 
tion is  continually  strengthened  that  no  good  results  can  precede  such 
agreement. 

M.  Etienne  Rollet  published  in  Revue  Scientifique  in  August  (vol. 
50,  p.  170-175)  a  table  of  coefficients  for  deducing  stature  from  the 
measurement  of  the  long  bones. 


Femur. 

'    Tibia. 

Fibula. 

Humerus. 

Radius. 

1 
riua.    i 

Minininm 

3.66 

1        4.53 

4.58 

5.06 

6.86 

6.41     I 

Maximam 

:i.  71 

4.61 

4.66 

5.22 

7.16 

6.66 

Multiply  the  length  of  the  long  bone  named  by  the  coefficient  in  the 
table  to  obtain  the  stature.  The  worth  of  the  publication  is  greatly 
enhanced  by  a  multitude  of  references  to  authorities. 

In  his  work  entitled  L' Homme  dans  la  Nature  (Paris,  1891,  Balli^re), 
Paul  Topinard  makes  the  following  resume  of  his  studies: 

First  Sub-order —  Man. 

(First  family,  Anthropoids. 
Second  family,  Pitliecidse. 

I  Fourth  family,  Arctopithecidas. 
Third  Sub-order—  The  Lemurs. 

[Xaturc,  Lond.,  Mar.  17,  1892. 

In  comparing  woman's  brain  with  man's,  Prof.  Crichton  Browne  con- 
firms the  inferiority  of  the  former,  amounting  to  thirty  grammes,  cor- 
rection made  of  the  coefficient  of  stature.  He  has  proved  that  the 
frontal  lobes  are  not  so  well  irrigated  by  the  blood,  and  that,  on  the 
contrary,  the  circulation  of  blood  is  more  active  in  the  posterior  and 
superior  portions.  The  posterior  parts  of  the  encephalon,  cervelet,  and 
occipital  lobes  are  more  developed  in  women,  and  that  their  left  brain 
weighs  less  than  their  right  brain.  The  convolutions  are  less  compli- 
cated than  in  men.  The  caliber  of  the  internal  and  the  vertebral  car- 
otid present  marked  differences  in  the  two  sexes.  Whence  it  results 
that  the  distribution  of  blood  in  the  brains  of  the  two  sexes  differ 
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greatly.  The  internal  caroted  with  its  principal  branches  (cerebral, 
anterior,  and  intermediate),  which  are  distributed  among  tlie  suborbital 
convolutions  of  the  insula,  of  the  Rolandic  region,  and  of  the  first  sphe- 
noidal convolutions,  ai*e  larger,  absolutely  and  relatively,  in  men  than 
in  women.  On  the  contrary,  the  vertebral  carotid,  which  is  distributed 
among  the  occipital  and  temporo-sphenoidal  lobes,  are  larger  in  women 
than  in  men,  and  the  basilar  trunk,  which  is  only  a  continuation  of  the 
vertebral,  is  also  larger,  its  mean  diameter  beiiig  28°*"*  in  woman  and 
26°*™  in  man. 

II.   PSYCHOLOGY. 

Prof.  Ward,  in  his  vice-presidential  address  before  Section  I  of  the 
American  Association,  says  that  the  doctrines  of  physiocracy  lamez 
faire  and  Spencerian  individualism  and  the  biologic  economy  gener- 
ally are  not  sustained,  and  that  the  facts  which  society  presents  are 
for  the  most  part  the  reverse  of  those  which  were  promised  by  them. 
The  explanation  is  that  the  old  political  economy  is  true  only  of  irra- 
tional animals  and  is  altogether  inapplicable  to  rational  man.  Darwiu 
modestly  confesses  that  he  derived  his  original  conceptions  of  natural 
selection  from  the  reading  of  Malthus  on  Population.  But  he  did  not, 
perhaps,  perceive  that  in  applying  the  law  of  Malthus  to  the  animal 
world  he  was  introducing  it  into  the  only  field  in  which  it  holds  true. 
Yet  such  is  the  case,  and  for  the  reason  that  the  advent  with  man  of 
the  thinking,  knowing,  foreseeing,  calculating,  designing,  inventing, 
and  cx)n8tructing  faculty,  which  is  wanting  in  lower  creatures,  repealed 
the  biologic  law  or  law  of  nature  and  enacted  in  its  stead  the  phycho- 
logic  law,  the  law  of  mind. 

In  the  American  Journal  of  Psychology  (1892,  iv,  491-502)  communi- 
cations are  made  to  the  editor  of  courses  in  experimental  psychology 
as  follows:  In  London  the  present  examiners  in  mental  science  are 
Dr.  James  Sully  and  Prof.  Knight.  In  University  College  {Gower 
street)  Prof.  Groom  Robertson  conducts  the  instruction.  King's  Col- 
lege, Bedford  Gollege,  and  the  Gity  of  London  College  affiliated  with 
the  University  provide  teaching  in  psychology.  But  there  is  no  labora 
tory  in  any  of  them  for  experimental  psychology  and  research,  indeed 
the  only  one  in  England  is  at  the  University  of  Cambridge. 

In  Copenhagen  there  is  at  the  university  a  psychological  labora- 
tory under  the  direction  of  Dr.  Lehman.  The  instruction  in  philoso- 
phy is  under  the  direction  of  Prof.  Harold  Hijfl'ding. 

In  1891,  a  chair  of  experimental  psychology  was  created  in  the 
faculty  of  sciences  of  the  University  of  Geneva,  but  without  a  labo- 
ratory. Wladimir  v.  Tschisch  presents  a  brief  report  on  the  clinic  for 
nervous  and  mental  diseases  in  Dorpat. 

Yale  University  has  provided  a  course  of  study  in  experimental  phil- 
osophy with  reference  to  the  degree  of  Doctor  of  Philosophy. 

Three  courses  of  psychological  instruction  were  pursued  in  Harvard. 
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A  department  of  psychology  was  opened  in  Cornell  University  in 
connection  witli  the  Susan  Linn  Sage  School  of  Philosophy. 

In  the  German  universities  the  following  lectures  were  reported : 

Leipzuj.—W \indt,  special  iuvestigatious  and  exercises  iu  the  psychological  labora* 
*ory;  Kulpe,  introductory  course;  Glockuer,  pedagogical  psychology;  Flechsig, 
psychiatrical  clinic,  forensic  psychiatry. 

Berlin. — Dilthe^',  lectures  on  psychology  and  pedagogy;  Lazarus,  lectures  on 
psychology;  £bbinghiiu8,  lectures  and  experimeutal  psychology;  Jolly,  pathology 
and  therapeutics  of  mental  iliseases. 

Bonn. — Elements  of  psychology;  Peluian,  mental  disturbance  that  borders  on  in- 
sanity; Kochs,  hypnotism,  sleep,  and  the  narcotic  condition. 

Obttingen. — G.  E.  MiiUcr,  lectures  and  experimental  psychological  investigations; 
Meyers,  psychiatric  clinic. 

Heidelberg. — Kriiepeliu,  physiological  psychology  and  psychiatrical  clinic. 

Dr.  William  O.  Krohn  spent  nine  months  working  iu  the  celebrated 
university  centers  of  Europe,  Heidelberg,  Strasburg,  Zurich,  Freiberg, 
Munich,  Frag,  Berlin,  Halle,  Gottingen,  and  Bonn.  In  each  of  these 
the  laboratories  were  carefully  inspected  and  in  some  of  them  the  doctor 
carried  on  experimental  work.     (See  Am.  J.  PsychoLy  iv,  585-594.) 

The  Institute  Psycho-Physiologique  de  Paris  was  founded  in  1891 
for  the  theoretical  and  practical  study  of  the  psychological  and  thera- 
peutical applications  of  hypnotism. 

The  Societe  d'Hypnologie  of  Paris  held  monthly  meetings. 

Prof.  E.  VV.  Scripture  proposes  in  the  psychological  notes  of  the 
American  Journal  of  Psychology  (iv,  584)  a  list  of  terms  with  defini- 
tions for  psychological  use,  according  to  the  meanings  attached  to 
them: 

(1)  Feelings  are  the  indivisible  elements  into  which  mental  plienom- 
ena  are  composed.  Every  fact  of  consciousness  that  has  not  been 
l>roved  to  be  a  combination  of  other  fac.ts  is  to  be  called  a  feeling. 

(2)  Sensations  are  those  feelings  which  are  regarded  as  coming  from 
without;  they  are  passively  experienced  feelings. 

(3)  Impulses  are  those  feelings  that  are  regarded  as  originated  in  the 
mind  itself:  they  are  actively  exi)erienced  feelings. 

(4)  Ideas  are  compounds  of  feelings  of  any  kind. 

(5)  Percepts  are  those  ideas  that  are  composed  mainly  of  sensations. 

(6)  Volitions  are  those  ideas  that  are  composed  mainly  of  impulses. 
The  American  branch  of  the  Society  for  Physical  Research  was  held 

in  Columbia  College,  New  York,  February  10.  Prof.  James  gave  a  com 
inunication  on  the  census  of  hallucinations,  and  B.  F.  Underwood  one 
on  experiments  in  automatic  writing.  M.  Binet  contends  that  asso- 
ciated with  the  same  physical  individual  there  may  be  two  or  more 
personalities,  both  of  which  are  conscious.  They  may  be  co-existent 
or  successive.  Anaesthesia  is  the  barrier  which  separates  co  existent 
personalities;  amnesia  the  barrier  which  separates  successive  person 
alities.  'En  un  mot,  il  pent  y  avoir  chez  un  menu  individu,  plurality 
de  m^moires,  pluralite    de  consciences,  plurality  de  personalites;  et 
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cbacune  de  cea  consciences,  de  ces  personalities  ne  connait  que  ce  qui 
se  passe  sur  son  territoire.    (Nature^  Lond.,  July  7.) 

lu  La  Revue  Scientijiqtie  (XLix,  797)  M.  Lacassagne,  director  of  the 
faculty  of  medicine  in  Lyon,  publishes  a  questionnaire  on  physiological 
psychology.  The  object  is  to  stimulate  statistical  researches  on  the 
relations  between  the  sensorial  apparatus,  the  quahty  of  memory,  and 
the  mode  of  functioning  of  the  centers  of  language  and  of  ideation. 
Mm.  H.  Beaunis  and  A.  Binet  follow  up  this  subject  in  the  succeeding 
volume  (L,  340-343)  with  a  questionnaire  jiddressed  to  painters,  sculp- 
tors, and  designers  relative  to  a  visual  memory  of  color  and  form,  the 
chief  points  of  the  inquiry  being  the  distinctness  of  visual  recollec- 
tions, the  qualities  of  visual  memory,  distinction  betwe^^n  form  memory 
and  color  memory,  fidelity  of  this  characteristic,  the  role  of  visual  meiu- 
ory  in  the  art  of  design,  peculiarities.  Dr.  Riccardi's  'Anthropologia  e 
Pedagogia  is  a  study  in  the  science  of  education  founded  on  a  basis  of 
experimental  psychology  and  anthropology.  He  has  collecte<l  during 
the  last  seven  or  eight  years,  with  the  help  of  teachers,  some  hundred 
thousand  observations  on  two  thousand  children  of  Modena  and  Bologna* 
and  in  this  first  part  of  the  work  he  presents  the  data  concerning  this 
psychological  and  sociological  condition.  He  divides  the  pupils  into 
good,  middling,  and  bad,  and  investigates  the  characters  of  these 
classes  with  reference  to  family  life,  number  in  a  family,  healthiness  of 
the  family  stock,  social  position,  et<*.,  in  each  cavse  first  taking  the  sexes 
together  and  then  considering  boys  and  girls  separately.  Italian  child- 
ren, to  a  large  extent,  live  under  bad  conditions  and  are  decidedly 
below  the  anthropometric  standards  of  other  nations.  There  is  a 
marked  contrast  between  the  children  of  the  poor  and  of  the  well-to- 
do  classes,  to  the  advantage  of  the  latter.  [Rev,  in  J,  Anthrop,  Instj 
XXII,  281.] 

The  second  International  Congress  of  Experimental  Psychology  con- 
vened in  London  on  Tuesday,  August  2. 

The  third  Congress  of  Criminal  Anthropology  was  held  in  Brussels 
from  the  20th  of  August  to  the  3d  of  September.  ^ 

A  laboratory  was  established  in  the  University  of  Toronto. 

Prof.  Angell  occupied  the  chair  of  psychology  at  the  Stanford  Uni 
versity. 

Dr.  Edward  Pace, .a  pupil  of  Wundt,  organized  a  laboratory  in  the 

Catholic  University  in  Washington. 

Dr.  Edmund  Delabarre  organized  the  study  of  experimental  psychol 
ogy  in  Brown  University. 

The  following  is  the  program  of  the  International  Congress  of  Ex- 
perimental Psychology  held  in  London,  August  1 : 

Introspcctiou  and  experiment  in  psychology,  Alex.  Bain. 
Suggestion  and  will,  M.  Baldwin. 
Psychological  questioning.  Prof.  Beaunis. 
Hypnotic  suggestion  and  education,  Prof.  Bernheim. 
Psychology  of  insects,  M.  Binet. 
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Appreciation  of  time  by  somnambulists;  M.  Delboeiif. 

Laura  Bridgman,  Dr.  Donaldson. 

Psycho-therapeutics,  Dr.  Van  Eeden. 

Theory  of  color  perception,  Prof.  Ebbinghaus. 

Muscular  sense  of  the  blind,  Dr.  Goldscheidor. 

Psychology  of  the  skin,  Stanley  Hall. 

The  visual  center  in  the  cortex  of  the  calcariue  tissue,  Prof.  Hensclou. 

Inhibition  of  presentations,  Prof.  Heymans. 

The  degree  of  localization  of  movements  and  correlative  sensations,  Prof. 

Horsley. 
Lobs  of  volitional  power.  Prof.  Janet. 
A  law  of  percejition.  Prof.  Lange. 
The  female  poisoner  of  Aiir  Fezza,  Prof.  Lugeois. 
Relation  of  respiration  to  attention,  Prof.  Lehmanu. 
Direct  and  associative  factors  in  judgments  of  aesthetic  proportion,  Dr.  L. 

Witmer. 
Sensibility  of  women,  normal,  insane,  criminal,  Prof.  Lombroso. 
Parallel  law  of  Fechner,  Dr.  Mendelssohn. 
Limits  of  animal  intelligence.  Prof.  L.  Morgan. 
Experimental  investigation  of  memory,  G.  E.  Miitter. 
Psychophysical  basis  of  the  feelings,  Prof.  Miinsterberg. 
Experimental  induction  of  hallucination,  F.  W.  H.  Myers. 
Characteristics   and    conditions  of  the  simplest  forms  of  belief,   W.   R. 

Newbold. 
The  origin  of  numbers,  Prof.  Preyer. 
General  ideas,  Prof.  Ribot. 
The  future  of  psychology,  Prof.  Ricket. 

Anatomical  and  physiological  relation  of  the  frontal  lobes,  Prof.  Scliiifer. 
Experiments  in  thought  transference,  Mrs.  Sidgwick. 
Binocular  after-images,  E.  B.  Titchener. 

Relation  of  reaction  time  to  the  breadth  of  perception.  Dr.  Tschisch. 
Physiological  basis  of  rythmic  speech.  Dr.  Verriest. 
Functional  attributes  of  the  cerebral  cortex.  Dr.  Walle 

lXatur€j  Lomlon,  July  14,  August  11. 

The  following  subjects  are  treated  iu  the  American  Journal  of  Psy- 
chology: 

Knee  jerk  (The)  in  sleep  iu  a  case  of  dementia,  Noyes. 

Memory  in  school  children,  growth  of,  Bolton. 

Zollneis  figures  and  other  related  illusions,  Jastrow  (studies). 

Involuntary  movements,  Jaatrow  (^studies). 

Smell,  absence  of  the  sense  of,  Jastrow  (studies). 

Classi^catiou  time,  Jastrow  (studies). 

Finding  time,  Jastrow  (studies). 

Anthropometric  and  psychologic  tests  on  students,  Jastrow  (studies). 

Natural  realism,  psychological  foundation  of.  Eraser. 

Nervous  system,  psychological  literature,  Donaldson. 

Association,  CatteU 

Reaction,  Cattell. 

Hypnotism  and  suggestion,  Jastrow. 

Suggestion,  hypnotism  and  — ,  Jastrow. 

Sight,  psychological  literature,  8anford,  Scripture. 

Physiological  psychology,  San  ford. 

Laura  Bridgman,  Donaldson. 

Visual  area  of  the  cortex  in  man,  Donaldson. 
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Voluntary  movements,  rapidity  of,  Dresslar. 

Attention,  phenomena  of,  Angell. 

Contrast,  effects  of,  Kirschmann. 

Musical  expressiveness.  Oilman. 

Regular  variations,  pitch,  intensity,  otc,  Scripture. 

Unconscious  suggestion,  Forel. 

Disturbance  of  attention.  Swift. 

Pseudo-chromes thcsia,  Kohn. 

Psychiatry,  Noyes. 

Taste  and  smell,  Bailey. 

Touch,  pain,  internal  sensation,  Bailey. 

Linguistic  psychology.  Chamberlain. 

Voluntary  motor  ability,  Bryan. 

Training  of  animals,  Rossiguol. 

Judgment  of  angles,  lines,  etc.,  Jastrow. 

Unconscious  cerebration,  Child. 

Action  and  volition,  Baldwin. 

III.   ETHNOLOGY. 

Prof.  Alexander  Macalister,  in  his  vice-presidential  address  before 
Section  11  of  tUe  British  Association,  regrets  that  there  is  not  in  onr 
literature  a  more  definite  nomenclature  for  the  divisions  of  mankind, 
and  that  such  words  as  race,  people,  nationality,  tribe,  tyi)e,  stock,  and 
family  are  often  used  indiscriminately  as  though  they  were  synonyms. 
There  are  several  collateral  series  of  facts,  the  terminologies  of  which 
should  be  discriminated:  (1)  Ethnic  conditions  whereby  individuals  of 
mankind  are  grouped  into  categories  of  different  comprehension,  as 
clans  or  families,  as  tribes  or  groups  of  allied  clans,  and  as  nations,  the 
inhabitants  of  restricted  areas  under  one  political  organization — Eth- 
nology. (2)  Individuals  regarded  as  descendants  of  a  limited  num- 
ber of  original  parents,  each  person  having  his  place  on  the  genea- 
logical tree  of  humanity.  As  the  successive  branches  were  subjected 
to  diverse  environments,  they  have  differentiated  in  chara<;teristics. 
To  each  of  these  subdivisions  is  applied  the  name  of  Eace.  [Haeckel 
terms  this  study  anthropogony.]  (3)  The  third  category  is  that  of  Ian 
guage,  sometimes  conterminous,  but  it  is  as  absurd  to  speak  of  an  Aryan 
skull  as  of  a  brachycephalic  language, — Nature,  London,  1892,  August 
18,  p.  379. 

The  British  Association  api)oint>ed  a  committee  to  organize  an  eth- 
nographical survey  of  the  United  Kingdom,  The  committee,  in  pur- 
suance of  the  object  for  which  they  had  been  delegated  by  the  Society 
of  Antiquaries  of  London,  the  Folk-lore  Society  and  the  Anthropolog- 
ical Institute,  and  appointed  by  the  British  Association,  propose  to 
record  for  certain  typical  villages  aud  the  neighboring  districts,  (1) 
Physical  types  of  the  inhabitants;  (2)  current  traditions  and  beliefs; 
(3)  peculiarities  of  dialect;  (4)  monuments  and  other  remains  of  an- 
cient culture;  (5)  historical  evidence  as  to  continuity  of  race. 

Dr.  Georg  Geoland  has  published  through  Jmstus  Perthes,  Gotha, 
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an  Atlas  tier  Volkerkund^, .  There  are  in  it  fifteen  folio  maps,  to  wit: 
I.  Distribution  of  skin  and  hair;  ii.  Density  of  i)opulation;  in.  Distri- 
bution of  religions;  I  v.  Distribution  of  diseases;  v.  Clothing,  food, 
dwelling,  and  occupation ;  vi.  Locations  of  peoples  in  1500  and  1880;  vil. 
Europe  in  1880;  viii.  Asia  in  1880;  ix.  Southeast  Asia;  x.  Oceanica; 
XI.  Africa;  XII.  Aboriginal  America;  xiii.  America  in  1880;  xiv.  Lin- 
guistic map;  XV.  Europe  about  100-150  after  Christ.  Tlie  charts  are 
preceded  by  descriptive  text  and  an  alphabetic  catalogue  of  all  tribes 
mentioned,  with  reference  to  the  latitude  and  longitude  of  their  habitat. 
The  origin  of  the  Manchu  race,  to  which  the  reigning  dynasty  in 
China  belongs  (see  Nature^  London,  1892,  XLV,  523,  quoting  from  North 
China  Herald,  Shanghai),  is  thus  set  forth : 

The  Tiingus  tribes,  to  which  the  Mauchu  belong,  are  scattered  about  in  Siberia 
and  Manchuria  in  mther  small  communities.  They  appear  in  history  in  the  Chow 
dynasty.  The  Mongols  as  a  race  are  probably  an  offshoot  from  Tuugus  stock.  The 
cousunguinity  that  exists  between  Manchu  and  Mongol  is  greater  than  that  which  is 
found  to  prevail  between  Mongol  and  Turk,  and  therefore  it  may  bo  concluded  that 
the  Tungus,  either  in  Siberia  or  in  Manchuria  or  on  the  Amur,  threw  off  a  branch 
which  became  Mongol.  Genghis  Khan  and  his  tribe  started  on  their  conquest  of  the 
Asiatic  continent  from  the  neighborhood  of  the  gold  mines  iii  Nuchinsk,  and  the 
Mongols  are  not  fishermen  by  preference  nor  hunters  of  the  sable,  martin,  and  beaver. 
They  are  rather  keepers  of  sheep  and  ridere  of  horses  and  camels.  They  might 
easily  develop  their  language  in  the  vicinity  of  the  Altai  mountains  and  the  Baikal. 

As  to  the  Manchus,  they  have  forgotten  their  early  occupation  since  coming  to 
China,  and  they  attend  now  only  to  the  duties  of  the  public  service  or  to  military 
training.  The  language  like  the  Mongol  is  ri(;h  with  the  spoils  of  antiquity.  All  the 
various  forms  of  culture,  whetherbelonging  to  Shamanism,  Confucianism,  or  Buddhism, 
with  which  they  have  become  successively  familiar,  have  contributed  a  share.  To 
these  must  be  added  the  vocabulary  of  the  huntsman,  tlie  fisherman,  and  the  shep- 
herd, and  all  the  terms  necessary  to  feudal  relationship  as  weU  as  those  of  the  trades 
and  occupations  of  the  old  civilization. 

Ethnology  of  Malujreh. — Dr.  Brinton  i>roposed  to  adopt  the  Arab 
name,  Mahgreb,  for  that  portion  of  Africa  west  of  the  Xile  Valley  and 
north  of  the  southern  boundary  of  the  Sahara.  From  time  immemorial 
it  has  been  the  home  of  the  Berber,  or  Hamitic,  or  Protosemitic  peoples. 
(For  the  prehistory  of  this  region  consult  A.  Chatelin,  in  Revue  Scien- 
tifiCj  April  9,  1892.)  Palaeolithic  man  is  said  to  have  been  here,  suc- 
ceeded by  neolithic  communities  and  megalithic  structures,  erected 
by  ancestors  of  the  Berbers.  The  same  Berber  stock  has  possessed 
Mahgreb  from  the  very  earliest  times  to  the  present  day.  • 

Celts. — An  instructive  discussion  on  the  origin  and  migration  of  the 
Celts  was  begun  by  Dr.  Brinton  in  /Science  (March  11)  and  continued 
through  subsequent  numbers.  This  discussion  is  not  only  valuable  for 
what  the  authors  of  the  notes  say,  but  for  the  excellent  works  quoted. 

Prof.  Sergi  published  in  the  BoUetino  dvlla  U,  Accademia  Medica  di 
Roma^  Ann.  xviii,  fasc.  ii,  a  paper  on  the  varieties  of  mankind  in 
Melanesia,  which  is  reprinted  in  Archiv  f\ir  Anthropologic,  xxi,  339- 
384.    The  essay  is  remarkable,  among  other  excellences,  for  the  ex- 
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tensive  list  of  connotive  terms  for  measurements  of  the  head.    Many 
of  these  words  are  old  but  quite  a  number  are  new : 

Index  of  length. — DoIichocex)baly  mesocephal,  brachycephal,  liyper-dolichoceph?Jj 
hyper-brachycephal. 

Index  of  height. — Uypsioephal,  orthocephal,  cliamivcephal. 

The  face. — Leptoprosop,  mesoprosop,  chameBprosop. 

The  nose. — Leptorrhine,  mesoirhin,  platyrrhine. 

The  eye  cavity. — Hypsiconch,  mesoconch;  chamiBConch. 

Cranial  capacity. — Microcephaly  elattocephal,  oligocephal,  metriocepbal,  megalo- 
cepbal. 

Tlue  jaioB. — Prognathic,  orthognathic,  mesognathic.  For  alveolar  prognathism, 
prophatnic;  for  the  upper  face,  chamffilognathic;  for  zygomatic  width,  enryzygic. 

The  shape  of  the  skull, — Steno-cephalic,  eu-cephalic,  steuoteric,  lopho-cephalic, 
Bpheno-cepbalic,  letragonic,poikilo-cephalic,  chomato-eephalic,  pro-ophryo-oephalio, 
rhouiboido-cephalic,  ovoid,  ellipsoid  (dolicho-ovoid,  brachy-ellipsoid,  et-c.) 

The  forehead. — Brachjmetopic,  brachyclitometopic,  leiometopic,  hypsist'enonie- 
topic,  eurymetopic,  stenometopic,  eurycletomet02>ic,  clitoplatymetopic,  clitobrachy- 
Btenometopic,  eumetopic. 

Parietnl  hones. — Eiirybregniatic,  enryhomalobrcginatir,  hypsistegobregmatic,  eurr- 
oucobregmatic,  oxyoncobreg^atir. 

Occipitnl  &<mo.— Oi>i8thocranion,  cremuopisthocrauial. 

In  the  text  the  Greek  roots  are  given  and  the  etymologies  worked 
out. 

IV.   GLOSSOLOUY. 

The  Seventh  Annual  Rei)ort  of  the  Bureau  of  Ethnology  to  the  Smith- 
sonian Institution  by  J.  W.  Powell,  director,  bears  the  imprint  of  1891, 
but  was  really  made  public  in  1892.  This  is  in  one  sense  a  jubilee 
volume,  the  crowning  glory  of  American  linguistics,  commenced  sys- 
tematically  by  (falhitiu  and  ended  by  Powell. 

The  names  of  American  Indian  tribes  have  been  in  very  great  con- 
fusion, each  tribe  having  many  names.  This  confusion,  as  for  example 
with  the  Mobawks,  arose  by  having  the  spelling  in  three  languages,  by 
having  their  own  veal  name  confounded  with  terms  of  reproach  gathered 
from  neighboring  tribes,  by  imi>erfect  and  conflicting  systems  of  trauslit 
eration.  But  in  combining  the  North  American  tribes  into  one  system 
rules  were  necessary,  therefore  Maj.  Powell  laid  down  the  followiug: 

I.  The  law  of  priority  relating  to  the  nomenclature  of  tlie  systematic  philology  ot 
the  North  American  tribes  shall  not  extend  to  authors  whose  works  are  of  date 
anterior  to  the  year  1836. 

II.  The  name  originally  given  by  the  founder  of  a  linguistic  group  to  designate  it 
as  a  family  or  stock  of  languages  shall  be  permanently  retained  to  the  exclusion  of 
all  others. 

III.  No  family  name  shall  be  recognized  if  composed  of  more  than  one  word. 

IV.  A  family  name  once  established  shall  not  be  canceled  in  any  subsequent  divi- 
sion of  the  group,  but  shall  be  retained,  in  a  restricted  sense,  for  one  of  its  constitueut 
portions. 

V.  Family  names  shall  be  distinguished  as  such  by  the  terminations  "an "and 


*^ian." 


VI.  No  name  shall  be  accepted  for  a  lingnisti<'  fauiily  unless  used  to  designate  a 
tribe  or  group  of  tribes  »»  a  linguistic  stock. 
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VII.  No  family  name  shall  be  accepted  unless  there  \h  given  the  habitat  of  tribe 
or  tribes  to  which  it  is  applied. 

VIII.  The  orig^inal  orthography  of  a  name  shall  be  rigidly  preserved  except  as 
provided  for  in  Rule  iii,  and  unless  a  typographical  error  is  evident. 

As  fixed  in  Powell's  last  revision  the  families  stand  thus:  Algon- 
qoian  (Eastern  North  America) ;  Athapascan  (Northwest  North  Amer- 
ica) ;  Attacapan  (Louisiana) ;  Beothukan  (Nova  Scotia) ;  Gaddoan  (Three 
groups,  northern,  Arikara,  middle,  Pawnee;  southern,  Caddo);  Chi- 
mukuan  (Puget  Sound);  Chimarikan  (Trinity  Eiver,  California);  Chim- 
mesyan  (British Columbia);  Chinookan  (Columbia  River);  Cbitimachan 
(Louisiana);  Chumashan  (Santa  Barbara,  Cal.);  Coahuiltecan  (Texas); 
Cox)ehau  (northern  California) ;  Costailoan  (Golden  Gate  to  Monterey, 
Cal.) ;  Eskimauan  (Arctic  co^t) ;  Esselenian  (Monterey  Bay,  California) ; 
Iroquoian  (Great  Lakes) ;  Kaloopaian  (Washington  State) ;  Karankawan 
(Texas);  Keresan (New Mexico) ;  Kiowan  (upper  Arkansas) ;  Kitunahan 
(Columbia  River) ;  Koluschan  (southeast  Alaska) ;  Kulanapan  (Mendo- 
cino, Cal.);  Kusan (Oregon) ; Lutuamian  (Oregon);  Mariposan  (Califor- 
nia); Moquelumnau  (Calaveras  County,  Cal.);  Muskhogean  (Southern 
States);  Natchesan  (Mississippi);  Palaihnihan  (Pit  River,  California) 
Piman  (Gila  River,  Arizona) ;  Pujunan  (Sacramento  River,  California) 
Quoratean  (Salmon  River,  California) ;  Salinan  (Monterey  County,  Cal.) 
Salishan  (Washington  and  British  Columbia);  Sastean  (Northern  Cali- 
fornia) ;  Shahaptian  (Fraser River) ;  Shoshoiiean (Interior  Basin) ;  Siouan 
(Missouri  River);  Skittagetan  (Queen  Charlotte  Islands);  Takilman 
(Rogue  River);  Taiioan  (Rio  Grande  River);  Timuquanan  (Florida) 
Tonikan (Red River, Arkansas);  Tonkawan (Texas);  Uchean (Georgia) 
Waiilatpuan  (Wallawalla  River);  Wakashan  (Vancouver  Island) 
Washoan  (Carson  Valley,  California);  Weitspekan  (Klamath  River) 
Wishoskan  (Eel  River,  Oregon);  Yakonan  (Umpqua  River,  California) 
Yanan  (Pitt  River,  California);  Yukian  (Round  Valley,  California) 
Yuman  (Colorado  River,  California) ;  Zuuian  (New  Mexico). 

Finns. — Dr.  Theodor  Koppen  (Archiv  /.  Anthrop.j  xx)  defends 
the  unity  of  the  Finnic  and  the  Aryan  linguistic  stock,  alleging  the  an- 
cestral home  to  have  been  on  the  middle  Volga.  The  separation  into 
eastern  and  western  branches  took  place  on  the  river  Don,  at  which 
time  also  arose  the  Aryan  and  the  Ugro-Finnic  division. 

The  publication  of  MiddendorTs  sixth  volume  on  the  Peruvian  lan- 
guages completes  a  most  valuable  series.  The  languages  considered 
are  the  Kechua,  the  Aymara,  and  the  Chimu  (Muchik  or  Yunca),  with 
^appeudix  ou  the  Chibcha,  The  work  was  issued  by  Brockhaus, 
Leipzig.     (Brintpn,  Science^  xx,  6.) 

lu  Philadelphia  has  been  established  the  de  Laincel  fund  for  the 
study  of  the  graphic  system  of  the  ancient  Mayas,  by  collecting  vocab- 
ularies of  phe  language  and  it^  dialects  and  photographs  of  the  ruins 
and  inscriptions  and  manuscripts.  Dr.  H,  T.  Cresson  h^  charge  of  th§ 
jBxplorations. 

H.  Mi9, 114 31 
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V.    TKOHNOLOGY. 

A  remarkable  contribution  to  the  natural  history  of  {esthetics,  which 
the  author  of  this  summary  has  elsewhere  called  jesthetology,  is  the 
address  of  William  H.  Holmes,  as  \ice  president,  before  Section  H  of 
the  American  Association.  The  science  of  the  beautiful  was  exam- 
ined in  order  to  study  the  phenomena  of  the  beautiful  as  the  botanist 
studies  the  real  flowers  of  the  field. 

"The  science  of  the  beautiful  must  deal  with  actual  phenomena; 
with  facts  as  hard,  with  principles  as  fixed,  and  laws  as  inflexible,  as 
do  the  sciences  of  biology  and  physics.'' 

The  author  takes  up  the  subject  from  the  phenomenal  side  and 
ignores  the  purely  metaphysical  element  altogether,  which  is  alleged 
to  have  woven  about  it  a  dense  and  very  subtle  web  of  transcendental 
fancy ! 

The  author's  appreciation  of  the  amount  of  time  and  energy  given 
to  this  field  of  human  activity  is  charming.  "We  totally  fail  to  real- 
ize how  much  time  and  thought  are  given  to  aesthetic  considerations, 
and  what  a  large  place  they  really  fill  in  the  thoughts  and  activities  of 
the  world.  This  would  come  home  to  us  if  by  some  sudden  change  in 
the  constitution  of  things  all  that  is  aisthetic  should  be  rudely  torn 
from  us  and  banished  from  the  world.  -  -  -  To  make  this  clear, 
let  us  suppose  that  some  dire  disease  should  destroy  our  i>erception  of 
the  beautiful,  a  world  of  useless  things  would  encumber  our  existence. 
The  fine  arts  would  fall  into  disuse.  Painting,  sculpture,  architecture, 
poetry,  music,  romance,  the  drama,  and  landscape  gardening  would  dis- 
appear utterly.  No  picture  would  grace  the  wall  of  galleiy  or  dwelling. 
Temples  and  halls  would  be  w^ithout  statuary  and  books  without  illustra- 
tions. Architecture  w^ould  degenerate  into  the  merest  house  building, 
without  projections,  moldings,  carving,  painting,  frescoes,  hangings, 
or  carpeting.  Churches  would  be  but  the  plainest  barns  without  arch- 
ways or  columns,  or  steeples,  or  towers,  or  stained  glass;  the  organ  and 
the  choir  and  the  singing  of  hymns  as  though  they  had  never  been. 
All  artists,  sculptors,  architects,  poets,  authors,  composers,  and  drama- 
tists, an<i  all  the  multitude  that  depend  upon  them,  decorators,  engrav- 
ers, carvers,  musicians,  actors,  book-makers,  manufacturers  of  all  that 
pertains  to  the  polite  arts,  and  all  merhants  who  deal  in  {esthetic  things 
would  turn  to  other  callings.  The  ships  and  railways  that  transport  the 
products  of  aesthetic  industry,  silks  and  .rugs,  and  laces,  and  orna- 
mental goods,  and  furniture,  and  tiles,  and  paints,  and  dyes,  and  porce- 
lains, and  brasses,  would  cease  to  plow  the  sea  and  girdle  the  laud.  The 
range  of  human  livelihood  would  be  reduced  to  a  dangerous  degree, 
and  existence — a  burden  without  art,  would  be  overwhelmed  with  poverty 
and  distress.  Now,  there  was  a  time  when  this  picture  was  a  true 
one,  and  men  ha<l  no  great  results  in  aesthetic  art  to  show.  From  then 
to  our  day,  Mr.  Holmes  declares  to  be  a  question  of  evolution. 


V 

\ 
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By  passing  up  through  the  scale  of  culture  stages  from  savagery  to 
enlightenment,  we  see  that  each  succeeding  period  has  a  larger  share 
of  art  and  a  correspondingly  larger  share  of  the  aesthetic,  each  stage 
being  prophetic  of  the  succeeding  stage.  The  last  stage,  that  upon 
which  the  nations  of  the  world  are  now  entering — the  enlightened — 
is  also  necessarily  prophetic  of  a  still  more  advanced  stage;  and  by 
adding  to  the  number  of  aesthetic  groups  those  yet  to  be  conceived 
and  prolonging  the  expanding  lines  of  each  group  indefinitely,  we  are 
led  to  comprehend  the  true  relations  of  the  i^resent  to  the  marvellous 
future,  and  to  form  some  notion  of  the  magnificent  sum  total  of  the 
aesthetic  that  future  generations  will  be  privileged  to  enjoy. 

VI.  ABCH^OLOGY. 

In  the  Proceediiigs  of  the  Royal  Geographical  Society  (Lond.,  1892, 
XIV,  273-309)  and  in  other  joiu*nals  will  be  found  an  account  ot  the 
marvellous  ruins  of  Mashona-land,  in  the  water-shed  of  South  Africa, 
between  18"^  and  20*^  south,  by  Theodore  Bent,  the  explorer.  There 
are  many  ruins  on  tlie  Limpopo  and  elsewhere  in  this  area,  but  the 
author  confines  himself  to  those  on  the  Great  Zimbabwe,  situated  20^ 
16'  South,  and  31^  10'  East.  They  cover  a  vast  area  and  consist  of  a 
large  circular  building  with  a  network  of  smaller  buildings  extending 
in  the  valley  below,  and  a  labyrinthine  fortress  on  the  hill,  about  400 
feet  above,  naturally  protected  by  huge  granite  bowlders,  and  by  a 
precipice  running  round  a  considerable  portion  of  it.  The  lower  build- 
ing is  constructed  of  small  blocks  of  granite  broken  with  the  hammer 
into  uniform  size  and  laid  up  without  mortar.  The  encircling  wall  is 
30  feet  high  in  parts  and  16  to  17  feet  thick.  There  is  a  long  narrow 
passage  between  walls  conducting  to  what  Mr.  Bent  calls  "the  sacred 
inclosure"  in  which  are  standing  two  towers,  one  of  them  32  feet  high, 
a  wonderful  structure  of  perfect  symmetry,  and  with  courses  of  un- 
varying regularity. 

The  principal  part  of  Mr.  Bent's  work  and  his  most  interesting  dis- 
coveries took  place  on  the  hill  fortress,  the  labyrinthine  nature  of  which 
is  explained  in  the  plans.  The  approach  is  protected  at  every  turn 
with  traverses  and  ambuscades,  and  then  commences  at  the  bottom  of 
the  precipice  a  flight  of  steps  leading  up.  In  fact,  the  redundancy  of 
fortification  all  over  this  mountain,  the  useless  repetition  of  walls  over 
a  precipice  itself  inaccessible,  the  care  with  which  every  hole  in  the 
bowlders  through  which  an  arrow  could  pass  is  closed,  prove  that  the 
occupants  were  in  constant  dread  of  attack.  Pottery  and  iron  objects 
occurred  in  abundance,  but  the  most  interesting  find  was  connected 
with  the  manufacture  of  gold,  crucibles,  broken  quartz,  and  fumaees. 

The^se  ruins  are  in  no  way  connected  with  the  African  race.  They 
formed  a  garrison  for  gold  workers  in  antiquity,  who  came,  doubtless 
from  the  Arabian  peninsula,  in  the  pre-Mohammedai^  period. 

One  of  the  results  of  the  Congress  of  ArchveologicskX  ^Q^\fc\K«e»^  m 


484  PROGRESS   OF   ANTHROPOLOGY   IN   1892. 

union  with  the  London  Society  of  Antiquaries,  is  the  issue  of  an  index 
of  archaeological  papers,  published  in  1891.  There  is  a  list  of  45 
societies  and  journals  in  all,  and  33  pages  of  titles,  succeeded  by  an 
alphabetic  list  of  places,  subjects,  authors,  and  societies  with  their 
publications.  The  secretary  of  this  congress  of  societies  is  W.  H.  St 
John  Hope,  Burleigh  House,  London. 

M.  A.  C.  Chatelier  contributes  to  La  Revue  Scientifique  (xlix,  457- 
461)  a  resume  of  prehistoric  studies  in  North  Africa.  To  the  work  of 
codification  is  added  a  bibliography  of  70  titles  upon  the  same  subject 

M.  Zabarowski  calls  attention  to  the  doubtful  antiquity  of  the  Caii- 
stadt  skull.  It  was  discovered  in  1700,  but,  according  to  Dr.  Herv6  it 
was  really  seen  first  in  the  vitrine  of  the  museum  of  Stuttgard  a  hun- 
dred years  after  the  digging  from  which  it  is  supposed  to  have  come. 
Dr.  Brinton  also  reverts  to  the  same  question  in  Science.  Indeed,  the 
year  1892  marks  an  epoch  of  decline  in  the  belief  that  man  has  had  an 
exceedingly  high  antiquity  in  Europe  or  America.  The  result  of  such 
questionings  will  be  a  review  of  the  grounds  of  belief,  with  a  strength- 
ening of  the  foundations  of  knowledge. 

The  article  of  Louis  Theureau,  in  La  Revue  Scientifique  (l,  364-369) 
on  alimentation  in  India,  calls  especial  attention  to  the  fact  that  it  has 
been  from  time  immemorial  a  country  whose  food  was  essentially  vege- 
tal, under  the  influence  of  an  idea  on  which  is  founded  a  philosophic 
and  religious  system,  belief  in  metempsychosis  or  migration  of  the 
soul.  About  fifty  titles  bearing  on  the  subject  are  quoted,  adding  great 
value  to  the  article. 

An  epoch-making  investigation  for  archaeolgoists  was  that  of  William 
H.  Holmes  upon  ancient  quarries  in  the  United  States.  The  result  of 
the  first  investigation  into  the  quarry  site  on  Piney  Branch  near  Wash- 
ington, is  given  in  th^  American  Anthropologist^  (ill,  1-26).  Dr.  Brinton 
calls  attention  sharply  to  this  work  in  a  short  paragraph  on  'quarry 
subjects,'  in  Science  (November  4,  1892).  Since  then  a  controversy, 
characterized  by  no  little  acrimony,  sprang  up  between  what  might  be 
termed  the  old  school  and  the  new  school  on  this  subject.  Two  distinct 
questions  are  involved  in  the  controversy,  namely,  whether  the  objects 
are  pahieolithic  implements  or  the  rejected  pieces  of  the  aboriginal 
quarryman;  and,  secondly,  whether  they  are  geologically  situated  to 
denote  very  great  antiquity. 

The  trustees  of  the  British  Museum  printed  an  album  containing 
autotype  facsimiles  of  the  Telel-Amarua  tablets.  A  review  of  this  work 
will  be  found  in  Nature,  vol.  xlvi,  pages  49-52.  During  the  sum- 
jner  of  1887  a  woman  belonging  to  the  household  of  one  of  the  "an- 
tica"  dealers,  who  live  at  or  near  Tel-el-Amarna  in  Upper  EgjTpt, 
set  out  to  follow  her  usual  avocation  of  digging  in  the  sand  and  loose 
earth  at  the  foot  of  the  hills  for  small  antiquities.  The  exact  details  of 
her  search  will  never  be  known,  but  it  is  certain  that  in  a  small  cham- 
]ber  at  no  great  depth  below  the  surface  she  found  a  number  of  clay 
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tablets,  the  like  of  which  had  uever  before  been  dug'  up  in  Egyi^t. 
There  were  over  three  hundred  of  them,  of  which  number  the  British 
Museum  secured  82,  the  Giz^h  Museum  60,  the  Berlin  Museum  160. 
The  Tel-el- Amarna  tablets  are  unique  as  an  archaeological  '^find,^  and 
they  are  also  unique  as  a  means  of  weaving  together  the  threads  of  the 
histories  of  two  or  three  of  the  greatest  nations  of  antiquity  at  a  crit- 
ical period.  They  were  all  written  between  the  years  1500  and  1450 
B.  c.  Those  in  the  British  Museum  consist  of  a  series  of  dispatches 
written  from  Kings  of  Babylonia,  Alashiyah,  Mitana,  Phoenicia,  Syria, 
and  PalCvStine  to  Amenophis  III,  and  to  his  son,  Amenophis  IV.  Many 
of  them  are  also  of  a  personal  or  private  nature. 

Alfred  P.  Maudslay,  who  spent  seven  winters  in  Central  America 
studying  and  photographing  the  ancient  ruins,  announced  the  forth- 
coming of  a  work  on  this  subject,  the  gist  of  which  is  given  in  Nature 
of  April  29.  A  map  on  page  618  lays  down  graphically  the  limits  of 
Maya  inscriptions. 

The  orientation  of  buildings  is  considered  by  Dr.  Brinton  in  Science 
(XX,  6),  and  the  orientation  of  the  sides  as  in  Egypt  brought  into  con- 
trast with  that  of  the  corners  as  in  Mesopotamia  and  Zuni.  At  Zim- 
babwe a  series  of  ornaments  on  the  walls  of  the  gr«at  temple  are  so 
disposed  that  one  group  will  receive  directly  the  sun's  rays  at  his 
rising  and  another  at  his  setting  at  the  period  of  the  winter  solstice, 
when  these  points  in  that  latitude  were  respectively  25^  south  of  east 
and  west,  while  a  third  series  of  ornaments  faced  the  full  midday  sun. 

Prof.  W.  O.  Atwater,  in  the  Forum  for  June,  discusses  the  scientific 
study  of  food  as  one  of  the  most  important  problems  in  anthropology. 
At  present  the  poorer  classes  the  world  over  are  scantily  nourished 
and  the  majority  of  mankind  live  on  a  low  nutritive  i)lane.  The  com- 
ing man  will  not  buy  as  expensive  foods  because  some  of  the  least 
expensive  are  most  nutritive  and  palatable.  He  will  value  foods  for 
their  nutritive  qualities.  Much  less  food  of  the  proper  quality  will  be 
required  to  keep  a  man  in  his  best  estate.  There  will  be  a  revolution 
in  evoking,  which  is  both  wasteful  and  primitive. 

Pa^Tie's  History  of  the  ^e\y  World  called  America  is  a  philosojihical 
treatment  of  a  historical  subject.  It  is  a  history  of  America  written 
by  a  trained  anthropologist.  In  the  author's  own  words,  he  has  -'under- 
taken the  unusual  course  of  explaining  the  facts  under  investigation 
by  a  theory  of  human  advancement  not  only  not  generally  recognized 
but  not  hitherto  formally  enunciated.  Some  may  find  it  paradoxical, 
to  assign  to  advancement  no  loftier  origin  than  the  organized  provision 
of  the  food  supply  on  an  artificial  as  distinguished  from  a  natural 
basis.  The  organization  of  food  provision  on  the  artificial  basis  has 
been  combined  with  that  of  defense,  and  communities  in  which  these 
combined  organizations  have  been  fully  elaborated  have  extended  their 
l>oundaries  at  the  exi>ense  of  others  whose  social  arrangements  were 
less  jidvanced."    The  author  sets  himself  "•  to  restore,  if  possil)le,  the 
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true  features  of  the  advanced  communities  of  the  New  World,  to 
analyse  their  social  structure  and  economy,  to  measure  by  some  definite 
standard  the  degree  of  progress  they  had  attiiined,  and  to  trace  their 
history,  so  far  as  it  can  be  recovered,  distinguishing  what  can  fairly 
be  accepted  as  fact,  from  what  can  be  shown  with  reasonable  certainty 
to  be  fabulous." 

VII.    SOCIOLOGY. 

The  Quarterly  Journal  0/ j^/cowoiwic*,  published  for  Harvard  Univer- 
sity, in  Boston,  is  valuable  to  the  student  not  only  for  the  papers  and 
original  investigations  which  it  reports,  but  for  its  bibliography  of 
economics.  The  titles  are  classified  under  (1)  general  works,  theory, 
audits  history;  (2)  production,  exchange,  and  transportation;  (3)  social 
questions,  labor,  and  capital  (4)  land;  (5)  population,  emigration,  and 
colonies;  (G)  international  trade  and  customs  tariffs;  (7)  finance  and 
taxation;  (8)  banking,  currency,  credit,  and  prices;  (9)  legislation ;  (10) 
economic  history  and  description;  (11)  statistics;  (12)  not  classified. 

Native  fairs  in  Alaska  were  reported  to  the  Numismatic  and  Anti- 
quarian Society  of  Philadelphia  by  Lieut.  Gorgas,  U.  S.  Navy.  Begin- 
ning at  the  south  a  fair  is  held  in  June  at  Port  Clarence,  just  south  of 
the  narrowest  part  of  the  straits.  It  is  numerously  attended  by 
Chukchis  of  Siberia,  the  natives  of  St.  Lawrence  Island,  south  of  the 
straits,  and  by  others  from  Cape  Prince  of  Wales  on  the  American 
mainland.  The  second  fair  is  held  at  Hotham  inlet,  on  the  north  shore 
of  Kotzebue  Sound.  It  lasts  through  July  and  August,  and  is  attended 
by  about  1,500  people,  some  Siberians,  but  mostly  natives,  especially 
from  Point  Hope,  these  being  the  principal  traders  of  the  coast. 

A  third  fair  is  at  Point  Lay,  and  a  fourth  at  Camden  Bay,  not  far 
from  the  mouth  of  Ma<*kenzie  River. 

The  trading  boats  make  a  regular  round  of  these  fairs,  carrying 
articles  in  demand  from  one  to  another;  so  that  some  from  the  fsir  in- 
terior of  Asia  will  in  a  few  years  be  tran8i)orted  along  the  shores  of 
the  Arctic  Sea  and  southerly  indefinitely  into  the  center  of  the  conti- 
nent.    (Brinton,  Science^  xix.,  287.) 

Galton's  work  on  finger  prints  is  thus  briefly  reviewed  in  the  Jour- 
nal of  the  Anthropological  Institute: 

The  author  considers  the  subject  under  the  following  divisions:  (1)  Introductorj". 
(2)  The  previous  emxiloyment  of  fingerprints  among  various  nations,  which  has 
been  almost  wholly  confined  to  making  daubs,  without  paying  any  regard  to  the 
delicate  lineations  with  which  tliis  book  nione  is  concerned.  (3)  Various  methodB 
of  making  good  prints  from  the  fingers  are  described  nt  length,  especially  those 
used  at  Mr.  Galton's  anthropometric  laboratory  at  South  Kensington.  (4")  Tlio 
character  and  purpose  of  the  ridges  whose  lineations  appear  in  the  finger  print. 
(5)  The  various  patterns  formed  by  the  lineations.  (6)  The  question  of  persistence; 
whether  the  patterns  are  so  durable  as  to  afford  a  sure  basis  for  identification.  (7) 
An  attempt  to  appraise  the  evidential  value  of  finger  prints  by  the  law  of  probabil- 
ity.    (8)  The  frequency  with  which  various  kinds  of  patterns  appear  on  the  differ- 
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exit  digits  ofthe  same  person,  severally  and  in  connection.  (9)  Method.s  of  Index- 
ing, (10)  Practical  results  of  the  inquiry .  (11)  Heredity.  (12)  Tst'.  in  indicating 
race  and  temperament.  (13)  The  nine  fundamentally  different  patterns  are  con- 
sidered as  different  genera  or  species. 

Gastave  le  Bon  having  affirmed  that  higher  races  can  not  impose 
their  civilization  upon  lower  races,  undertakes,  in  an  address  before 
the  Congres  international,  institu^  par  le  Gouvernement  fran^ais  pour 
Petude  des  questions  coloniales  {Rev.  Scient,  Paris,  1889,  aout  24  and 
1892,  Oct.  1)  to  show  that  to  change  the  civilization  of  a  i)eople  it  is 
necessary  to  change  their  souls  (Ames).  Centuries  and  not  conquests 
can  accomplish  a  task  like  that.  The  empire  of  the  world  has  always 
belonged  to  the  convinced,  whose  great  force  consists  in  their  slavery 
to  an  idea,  and  in  their  complete  incapacity  to  reflect  and  to  reason. 
Without  these,  perhaps,  no  civilization  would  have  been  born  and 
humanity  would  not  have  arisen  above  barbarism. 

Lombroso  and  Ferrero  discuss,  in  a  work  entitled  "  La  Donna  delin- 
quente,"  the  subject  of  the  criminality  of  women.  To  their  view  the 
crimes  of  men  and  those  of  women  are  two  quite  different  maladies, 
having  certain  symptoms  in  common  but  many  more  in  which  they 
differ  widely.  Women  commit  fewer  crimes  than  men,  all  statistics 
are  agreed  on  that.  M.  Guillat  estimates  the  criminality  of  men  to  be 
six  times  greater  than  that  of  women  and,  ac^^cording  to  Quetelet  and 
Tarde,  the  tendency  to  crime  is  five  or  six  times  more  developed  in 
men. 

Leaving  out  of  view  diflPerence  in  legislation  as  to  the  sexes,  M.  Proal 
attributes  the  freedom  of  women  to  their  greater  religious  spirit,  their 
indoor  life,  the  smaller  number  of  employments  which  i)rovoke  to  crime, 
like  forgery  and  defalcation.  Women  go  about  less,  and  drink  less, 
than  men. 

From  the  evolutionist's  standpoint,  according  to  Ferrero,  the  female 
has  been  less  exposed  to  the  struggle  for  existence.  The  sexual  strug- 
gle does  not  exist  for  her  at  all  and  in  higher  civilization  her  degenera- 
tion produces  crime  in  men.  Ferrero  sums  up  the  causes  of  woman's 
smaller  susceptibility  to  crime  as  follows : 

(1)  Women  are  physicaUy  weaker  and  more  timid. 

(2)  Feebler  sexnality,  strong  maternity  and  pity. 

(3)  The  inteUigence  of  woman  is  less. 

Migrations. — Dr.  Sophus  Miiller,  of  Copenhagen,  published  in  M^m. 
Soc.  Roy.  des  Antiq.  du  !N"ord  a  study  upon  cutting  implements  in  the 
Stone  Age,  drawing  the  conclusion  that  parts  of  France  and  the  Ibe- 
rian peninsula  were  inhabited  first.  The  argument  is  based  ui)on  the 
ruder  forms  of  the  southern  tools.  M.  Bertrand's  work  "Nos  Origi- 
ne.s,"  holds  to  the  opinion,  however,  that  about  1200  B.  C.  the  Liguri- 
ans  came  southward,  finding  central  France  and  Spain  occupied  by 
Iberians  who  were  driven  westward  by  Celts. 

Pre-historic  cmnmeree. — In  the  Verhandlungen  der  Berliner  anthro- 
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pologische  Gesellschaft  the  subject  of  ancient  commerce  is  discussed 
by  G.  Schweinfiirth  and  Merensky,  the  former  dealing  with  the  influ- 
ence of  western  Asia  and  India  upon  Egypt,  the  latter  with  India  as 
affecting  even  the  industries  of  Central  Africa. 

The  archaeologists  are  also  able  to  bring  some  noteworthy  contribu- 
tions to  this  enquiry.  In  America  certain  types  of  basketry  and  pot- 
tery are  known  to  have  been  peculiar  to  certain  linguistic  stocks.  But 
examples  of  these  are  found  elsewhere  in  ever-decreasing  numbers  as 
they  depart  from  this  source. 

VIII. — ^BELIGIOX  AND   FOLK-LORE. 

On  the  16th  of  April  there  was  publicly  opened  in  the  Maseum  of 
Archaeology  of  the  University  of  Pennsylvania  a  loan  collection  of 
objects  used  in  worship.  It  was  divided  into  sections,  that  devoted  to 
the  religions  of  Egypt  being  in  charge  of  Mrs.  Cornelius  Stevenson, 
that  of  India  was  arranged  by  Suamee  Bhaskara  Naud  Saraswatee; 
that  of  China  by  Chinese  scholars,  and  so  on,  each  section  being  as- 
signed to  some  one  specially  fitted  to  the  task.* 

The  American  Folk-lore  Society  was  organized  in  December,  1892, 
for  the  ensuing  year,  as  follows: 

President;  Horatio  Hale. 

Vice  Presidents,  AIc<^o  Fortier  and  D.  P.  Penhallow. 

Council;  Franz  Boas,  H.  Carrington  Bolton,  D.  G.  Brinton,  A.  F.  Chamberlain,  J. 
Owen  Dorsey,  Alice  C.  Fletcher,  George  Bird  Grinnell,  Otis  T.  Mason,  FYederick 
W.  Putnam. 

Secretaries,  W.  W.  Newell,  J.  Walter  Fowkes. 

Treasurer,  John  H.  Hinton. 

Cnrator,  Stewart  Cnlin. 

The  organ  of  this  society  is  the  Journal  of  Amerwan  FoUc-lore, 
issued  quarterly.  In  addition  to  the  original  papers  and  proceedings 
of  the  society  and  its  branches  contained  in  this  journal,  there  is  a 
resume  of  folk-lore  throughout  the  world,  and  an  extended  bibli- 
ography, which  is  especially  good  in  periodical  literature. 

The  fourth  annual  meeting  of  the  American  Folk-lore  Society  was 
held  at  the  Thorndike  Hotel,  Boston,  Mass.,  on  December  28,  and  at 
the  Peabody  Museum  of  Americtin  Ethnology  and  Archjeology,  Cam- 
bridge, Mass.,  on  December  29,  Prof.  Edward  8.  Morse  presiding.  The 
following  papers  were  read : 

Two  Biloxi  tales,  J.  Owen  Dorsey. 

Relation  of  the  tales  of  Uncle  Keuius  to  the  animal  stories  of  other  countries, 
A.dolph  Gerber. 
Survival  of  fire  sacrifice  among  the  Indians  of  Maine,  Miss  A.  L.  Alger. 
Folklore  of  the  Azorian  Colonies,  H.  R.  Lang. 
A  modem  oracle  and  its  prototypes,  H.  Carrington  Bolton. 
Tales  of  the  Abenakis,  A.  R.  Tisdale. 
Chippewa  tale  of  the  end  of  Hiawatha,  H.  H.  Kidder. 
Pawnee  mythology,  G.  B.  Grinnell. 

*See  printed  catalogue,  and  ^Science,  N.  Y.,  xix.,  225. 
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Blackfoot  mythology,  J.  Maclean. 

The  Algio  Manabozho,  J.  C.  Hamilton. 

Medicine  men  and  certain  Indian  myths,  Henry  Mott. 

Doctrine  of  souls  among  the  Chinook,  Dr.  Franz  Boas. 

Christ  in  folklore,  A.  F.  Chamberlain.  • 

Animal  and  plant  weather  proverbs,  Fanny  D.  Bergen. 

Customs  and  traditions  of  the  Ainos  of  Japan,  D.  P.  Penhallow. 

The  permanent  results  of  the  Folk-lore  Congress  held  in  London  in 
1891  are  given  to  the  public  in  a  volume  of  472  pages,  entitled  "Papers 
and  Transactions."  Th  e  material  is  arranged  under  the  four  sections  called 
Folk-Tale  J  Mythology;  Custom  and  Institution;  General  Theory  and 
Olassification.  The  president  of  the  congress,  Mr.  Andrew  Lang,  and 
the  vice  presidents  of  the  sections  delivered  addresses,  and  papers  of 
great  merit  were  read.  The  most  important  discussion  was  that  con- 
cerning the  independent  origin  of  folk  incidents.  Under  the  title 
"Bibleoth^que  de  Carabas,"  David  Nutt  has  issued  seven  volumes 
which  are  of  especial  delight  to  folk-lorists,  to  wit:  Cupid  and 
Psyche,  by  William  Adlington ;  Euterpe,  the  Second  Book  of  Herodotus^ 
Englished  by  B.  R.,  1684;  The  Fables  of  Bidpai,  or  the  Morall  Philoso- 
phic of  Doni,  Englished  out  of  Italian  by  Thomas  North,  1570,  now 
edited  by  Joseph  Jacobs;  The  Fables  o:  Esopas  printed  by  W.  Caxton 
in  1484,  edited  by  J.  Jacobs;  The  Avtis  of  Caius  Valerius  Catullus, 
translated,  etc.,  by  Grant  Allen;  Plutarch's  Bomane  Questions,  trans- 
lated in  1603  by  Philemon  Holland. 

Plutarch's  Bomane  Questions,  translated  in  1603,  by  Philemon  Hol- 
land, M.  A.,  of  Trinity  College,  Cambridge,  has  again  been  edited  by 
Mr.  Jevons,  of  the  University  of  Durham,  with  additional  dissertations 
on  Italian  cults,  myths,  taboos,  man- worship,  Aryan  marriage,  sympa- 
thetic magic,  and  the  eating  of  beans.  Plutarch's  Bomane  Questions 
is  said  to  be  "the  earliest  formal  treatise  on  the  subject  of  folk-lore.'' 
Plutarch  was  the  first  '.'to  make  a  collection  and  selection  of  dates,, 
and  to  give  them  a  place  of  their  own  in  literature."  Plutarch's 
answers,  however,  are  not  in  the  modern  vein,  for  they  are  framed  on 
the  assumption  "  that  the  customs  that  they  are  intended  to  explain 
were  consciously  and  deliberately  instituted  by  men  who  possessed  at 
least  as  much  culture  and  wisdom  as  Plutarch  himself." 

The  cuiTent  literature  on  the  scientific  study  of  religions  is  to  be^ 
followed  up  in  the  Annales  du  Musee  Guimet,  and  especially  in  the 
Be^me  de  I'Histoire  des  Beligious,  published  on  the  Guimet  foundation 
under  the  direction  of  M.  Jean  de  B^ville,  with  the  co-operation  of 
Barth,  Leclercq,  Decharme,  Hild,  Lafaye,  Maspero,  Benan,  and  Tiele. 

The  volume  of  La  Bevue  for  the  year  1892  contains  the  following 
original  papers : 

Le  dieu  romain  Janus.    J.  S.  Speyer. 

Lea  hymnes  du  Rig  V^da,  sont-ils  des  pri^res.     Paul  Regnaud. 

Bunetin  de  la  Religion  Juive. 

Le  d^nombrement  des  sectes  moharaetanes.    I.  Goldzilier. 

Bulletin  arch^ologlque  de  la  Religion  Romaine,  Aug.  Adollent. 
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Con  tea  Boadhiqiies :  1.  La  I^^gende  de  C^khupala  2.  La  L^gende  de  Maddha- 
knndale.    Vall<5e-Pou8Biu  et  Godefroy  de  Blonay. 

Esquisse  des  liuit  sectes  boudhistes  de  Japon,  Gyaa-neu  (1289  B.  C  )  trans.  Alfred 
Millwnd. 

Ernest  Renan,  Albert  R^ville.  Bulletin  aroh^ologique  de  la  Religion  Greoqae. 
Pierre  Paris. 

Garci  Ferrans  de  Terena  et  le  juif  Baena.  Scenes  de  la  vie  religienae  en  Espagne 
k  la  fin  du  XIV  si^cle.    Liicien  DoUfus. 

Fragments  d't^vangile  et  d^apocalypses  d^converts  en  £gypte.     Ad.  Lods. 

In  each  number  is  a  review  of  books,  a  chronicle  of  what  is  doing 
along  the  line  of  the  scientific  study  of  religions,  abstracts  from  peri- 
odical articles  and  from  the  transactions  of  learned  societies,  and  a 
classified  bibliography.  For  some  reason  the  date  of  publication  is 
omitted  in  every  case,  which  detracts  much  from  the  value  of  the  book 
lists  ]  but  in  the  abstracts  from  periodicals  an  indispensable  list  of  jour- 
uals  and  their  contents  will  be  found. 
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THE  ADVENT  OF  MAN  IN  AMERICA.* 


By  Abmand  de  Quatrefages. 


One  of  the  chief  problems  of  anthropologists  in  regard  to  America 
$  that  of  the  origin  of  its  inhabitants.  Were  the  original  American 
eople  related  to  those  of  the  Old  World!  Or  were  they  indigenous 
3  America  and  without  ethnologic  relation  to  other  populations  ?  Both 
hese  views,  as  you  are  aware,  have  had  their  partisans.  I  have  al- 
eady  made  known  my  opinion  upon  this  subject,  which  is  that  America 
ras  originally  x>6opled  by  emigrants  from  the  Old  World.  I  propose 
o  give  a  brief  r6sum6  of  the  grounds  of  this  conviction. 

I  recall  two  rules  which  I  have  constantly  followed  in  the  solution 
f  questions  sometimes  so  ardently  contested,  which  are  raised  in  the 
dstory  of  Man.  The  first  rule  is,  to  put  aside  absolutely  every  con- 
dderation  borrowed  from  dogma  or  philosophy,  and  to  invoke  only 
»cience,  that  is,  experience  and  observation.  The  second  rule  is,  not 
x>  isolate  man  from  other  organized  beings,  but  to  recognize  that  he  is 
subject  (in  all  that  is  not  exclusively  human)  to  all  the  general  laws 
^hich  govern  equally  animals  and  plants.  Hence  no  doctrine  or  opin- 
ion is  to  be  regarded  as  true  which,  considering  man  as  an  animal, 
makes  him  an  exception  among  organized  beings. 

Let  us  apply  these  principles  to  the  question  before  us,  but  more 
broadly;  for  it  is  but  a  special  case  of  a  still  more  general  problem. 
Man  is  everywhere  now.  Did  he  appear  everywhere  in  the  beginning? 
Jf  not  absolutely  cosmopolitan  in  its  origin,  did  the  human  race  origi- 
i»ate  at  an  indefinite  number  of  points;  or,  originating  at  a  single  and 
^^ited  spot,  has  it  gradually  taken  possession  of  the  whole  earth  by 
^^ationf  At  first  thought,  we  might  suppose  the  answer  to  these 
i^estions  would  be  difterent  according  as  we  admit  the  existence  of 
^Jie  or  many  human  species,  but  this  is  an  error;  for  we  shall  see  that 
^^  this  point,  at  least,  the  Polygenists  may  shake  hands  with  the 
•^ouogenists  without  being  involved  in  any  contradiction  with  the 
^^ts.     Let  us  take  first  the  Monogenistic  view. 

I^hysiology,  which  leads  us  to  recognize  the  unity  of  the  human 
^^ies,  teaches  us  nothing  relative  to  its  geographic  origin;  it   is 

(h'esidential  address  delivered  before  the  Eighth  Iiiternatioual  Congress  of 
'^^ricanists  at  it»  session  in  Paris,  1890.  (Procee<lings  of  the  8tli  session:  Congr. 
^^mat.,  pp.  43-55. 
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otlierwise  with  the  science  that  is  occupied  concerning  the  distribu- 
tion of  animals  and  plants  over  the  surface  of  the  globe.  The 
geography  of  organized  beings  lias  its  general  laws,  which  it  is  neces- 
sary we  should  know  and  interrogate  if  we  would  solve  the  problem  of 
the  peopling  of  the  world. 

The  first  result  of  tbis  study  is  to  show  that  true  cosmopolitism—as 
attributed  to  man — does  not  any  where  exist  either  in  the  animal  or  in 
the  vegetable  kingdom.  In  support  of  this  i)roposition  it  is  proposed 
to  cite  some  testimony.  On  the  subject  of  the  vegetable  kingdom, 
CandoUe  says:  "No  pbanerogamous  plant  extends  over  the  whole  sur- 
face of  the  earth.  There  are  not  more  than  eighteen  of  these  plants 
which  extend  over  an  ai*ea  equal  to  half  the  earth,  and  no  tree  or  shrub 
is  among  those  plants  T^bich  has  the  greatest  extension." 

In  my  lectui^es  upon  this  subject,  I  have  cited  the  best  scientific  au- 
thorities respecting  the  principal  groups  of  marine  animals,  either  of 
salt  or  fresh  water.  I  have  reviewed  the  fauna  of  the  air,  beginning 
with  the  insects,  and  I  have  dwelt  to  some  extent  on  fishes  and  rep 
tiles.  Omitting  all  the  rest  of  the  birds  I  notice  the  Peregrine  falcon, 
the  area  of  whose  habitat  is  the  most  extended,  occu])ying,  as  it  does, 
all  the  temperate  and  warm  regions  of  the  Old  and  New  World,  but 
does  not  reach  the  Arctic  regions  or  Polynesia. 

Anatomatically  and    physiologically,  Man  is  a  mammal,  nothing 
more,  nothing  less.    This  class  interest-s  us  more  than  the  preceding, 
and  furnishes  us  with  knowledge  more  precise.    Permit  me,  then,  to 
enter  upon  certain  details,  taking  for  my  guide  the  great  work  of 
Andrew  Murray,  which  became  classic  upon  its  appearance.     By 
reason  of  their  strength,  their  great  power  of  locomotion,  and  by  the 
expanse  and  continuity  of  the  seas  which  they  inhabit,  the  Cetaceans 
would  seem  to  have  both  the  greatest  capacity  and  opportunity  to 
become  cosmopolitan,  but  such  is  not  the  ciise.     Each  si)ecies  is 
restricted  to  an  areamoreor  lessextended,  from  which  afew  individuals 
occasionally  make  excursions,  but  always  soon  return  to  their  proi)er 
limit.    Two  exceptions  have  been  claimed  to  this  general  rule.    A 
Rorqual,  with  large  flippers  [tlie  "humpback"],  and  a  boreal  Balamop- 
tera  [*' finback"  whale],  natives  of  temperate  and  frigid  seas,  have  been 
found,  the  first  at  the  Cape  of  Good  Hoik*<,  tlie  second  at  Java,    Bat 
even  these  are  said  by  Van  Beneden  and  Gervais,  the  two  greatest 
authorities  on  Cetology,  to  be  at  least  doubtful;  but  accepting  tlieffi 
as  true,  it  yet  remains  that  neither  species  has  ever  been  found  in  tlie 
seas  that  border  America  or  Polynesia.    Among  other  animals  than 
the  Cetaceans,  there  is  nothing   to  l)e  found  approaching  even  a 
narrow  cosmopolitism.    Here  again  1   am   to   spare  you  details.   It 
is  familiar  to  all,  thiit  Edentates  and  Ptichyderms  have  their  resi)ective 
countries  clearly  defined,  and  if  the  horse  and  the  hog  are  to-day  in 
America,  it  is  because  they  were  imported  b}^  Europeans. 

The  number  of  Kuminants  which  inhabit  the  north  of  tbe  two  con- 
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tiiient8  is  very  small.  The  lieiudeer  and  tlie  Caribou  are  generally 
regarded  as  only  varieties  of  one  species.  Brandt,  with  some  reserva- 
tions,  says  the  same  of  the  Bison  and  the  Auroch,  the  Argali  (Asiatic 
wild  sheep),  and  the  Bighorn  (Rocky  Mountain  sheep).  But  none  of 
these  species  are  found  in  the  warm  regions  of  these  two  hemispheres, 
nor  in  all  Oceanica.  The  Oarnivora  offer  similar  facts  to  the  preced- 
ing; bat  when  we  come  to  the  Oheirox)tera  and  the  Quadrumana  we  do 
not  find  a  single  species  common  to  both  continents,  or  to  the  rest  of 
the  world. 

Thus  among  all  organized  beings,  whether  plant  or  animal,  there  is 
not  a  cosmopolitan  after  the  manner  of  man.  ^ow  it  is  evident  that 
the  area  of  the  actual  habitat  of  any  animal  or  vegetable  species  in- 
eludes  the  center  where  that  species  first  appeared.  By  virtue  of  the 
law  of  expansion  the  center  should  likewise  be  less  in  extent  than  the 
occupied  area,  ^o  plant  and  no  animal,  therefore,  originated  in  all  the 
regions  of  the  globe.  To  sup]>ose  that  in  the  beginning  man  appeared 
everywhere  that  we  now  see  him  would  be  to  make  an  exception  of 
him  which  would  be  unique.  The  hy^wthesis  therefore  can  not  be  ac- 
cepted, and  every  monogeuist  will  reject  the  supposition  of  the  initial 
cosmopolitism  of  the  human  species  as  a  false  conclusion. 

The  Polygenists  must  accept  the  same  conclusion  unless  they  revise 
to  apply  to  man  the  laws  of  geography,  botany,  and  zo<>logy  that  govern 
all  other  beings.  In  fact,  to  whatever  extent  they  have  multiplied  the 
species  of  man,  whether  they  assume  that  thei'e  are  two  with  Virey, 
fifteen  with  Bery  Saint- Vincent,  or  an  undetermined  but  considerable 
number  with  Gliddon,  they  have  always  united  them  into  a  single 
genus;  and  they  could  not  do  othet*wise.  Now  a  human  genus  can  be 
no  more  cosmopolitan  than  a  human  species.  Speaking  of  plants, 
CandoUe  says,  ^'  The  same  causes  have  borne  on  genera  and  on  species," 
and  this  is  as  true  of  animals  as  of  plants. 

Bestricting  ourselves  to  mammals,  among  the  cetaceans,  Murray 
thinks  that  the  genera  of  the  rorqual  and  the  dolphin  are  represented 
in  all  the  seas.  Van  Benedeu  and  Gervais  dispute  this.  We  will  how- 
ever admit  it;  it  does  not  all  weaken  our  conclusion,  for,  excepting  the 
cetaceans,  there  can  be  no  question  of  generic  cosmopolitism.  Of  the 
ruminants,  the  genei'a  of  the  deer,  the  ox,  et(;. ;  of  the  carnivora,  the 
cat,  bear,  etc.,  have  representatives  in  both  worlds,  but  none  in  Aus- 
tralia or  Polynesia.  As  we  examine  the  higher  groups,  we  see  the 
number  of  these  genera  of  large  area  diminishing,  until  finally  not  a 
single  genus  of  monkey  is  known  to  be  common  to  the  Old  and  the 
New  Continent;  and  the  Simian  type  itself  is  wanting  in  the  greater 
part  of  both  worlds  and  Oceania. 

Thus,  whether  we  regard  animals  by  si)ecies  or  by  genera,  the  area 
of  their  habitat  becomes  more  restricted  as  the  animals  are  higher  in 
the  zoologic  scale.  It  is  the  same  with  the  vegetable  kingdom.  Can- 
doUe says:  "The  mean  area  of  species  is  as  much  smaller  as  tlie  class 
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to  which  they  beloug  has  a  more  complete,  more  dev^eloped,  or  iu  other 
words  a  more  perfect  organization.'^ 

The  greater  restriction  of  the  area  in  proportion  to  the  increasing 
l)erfection  of  the  organism  is  then  a  general  fact,  a  law  applicable  to 
all  organized  beings,  and  which  is  easily  explained  by  physiology. 
Now  this  law  is  in  direct  opposition  to  the  hypothesis  that  there  cau 
exist  a  human  genus  comprising  several  distinct  species  which  have 
appeared  in  every  quarter  of  the  earth,  wherever  we  now  find  men.  In- 
voking the  authority  of  Murray,  and  the  universality  of  habitat  which 
he  attributes  to  the  genera  of  the  rorqual  and  the  dolphin,  polygenist8 
might  be  tempted  to  say,  "  non-cosmo])olitism  already  presents  two  ex- 
ceptions. Why  may  there  not  be  a  third  !  Two  genera  of  cetaceans  are 
represented  naturally  in  all  the  sexis.  Why  may  not  the  human  genus 
have  appeared  at  the  start  in  every  land?"  This  reasoning  is  faulty 
at  its  foundation.  The  rorqual  and  the  dolphin  belong  to  the  lowest 
order  of  mammalia.  Man,  if  we  regard  the  body  alone,  is  of  the 
highest  order.  Unless  we  constitute  them  a  single  exception,  they 
umst  obey  the  laws  of  the  superior  group;  consequently  they  can  not 
escape  the  law  of  increasing  restriction  of  area. 

It  follows  therefore  that  a  human  genus,  as  the  polygenists  under- 
stand it,  must  have  occupied,  in  its  origin,  an  area  no  more  extended 
than  that  which  has  comprehended  some  genera  of  monkeys.  Bat 
among  the  monkeys  themselves  all  naturalists  recognize  a  hierarchy; 
all  place  at  their  head  the  order  of  anthropoid  apes.  It  is  then 
from  the  secondary  groups  of  this  family  that  polygenists  should  ask 
for  indications  of  the  possible  extent  of  area  primarily  accorded  to  the 
human  genus;  and  it  is  well  know&  how  inconsiderable  is  the  area 
occupied  by  the  genera  Gibbon,  Orang,  Gorilla,  and  Chimpanzee. 

Whatever  our  point  of  view,  we  have  either  to  assume  that  man 
alone  escaped  the  laws  which  have  regulated  the  geographical  distri- 
bution of  all  other  organized  beings,  or  else  admit  that  the  primitive 
tribes  were  domiciled  upon  a  very  restricted  space.  Judging  from 
present  conditions,  making  the  largest  concessions,  neglecting  the  in- 
contestable superiority  of  the  human  type  over  the  Simian  type,  all 
that  the  polygenistic  hypothesis  permits  is  to  regard  that  area  as 
having  been  nearly  equivalent  to  that  occupied  by  the  diflTerent 
species  of  Gibbons  which  range  on  the  continent  from  Assam  to 
Malacca;  in  the  islands  from  the  Philippines  to  Java.  Monogenism  of 
course  tends  to  restrict  this  area  still  more,  and  to  make  it  equal  at  most 
to  that  of  the  Chimpanzee,  which  extends  nearly  from  the  Congo  river  to 
the  White  Nile.  I  would  be  the  first  to  recognize  that  we  may  i)erhap8 
have  t<»  enlarge  these  limits  at  some  later  time.  I  consider  the  exist- 
ence of  man  during  the  Tertiary  geologic  epoch  to  be  demonstrated; 
and  (»nly  the  geographical  distribution  of  the  monkeys,  his  conteuipo- 
rary,  can  furnish  more  precise  information  upon  the  primary  extension 
of  the  center  of  man's  appearance.     Palaeontology  has  taught  ns  tbat 
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the  area  formerly  occupied  by  the  Simian  type  was  evidently  more 
considerable  than  it  is  now.  It  may  have  been  the  same  with  the  an- 
thropoid apes,  but  down  to  the  present  time,  no  fossil  is  connected  with 
that  family.  The  extinct  dryopithecus,  long  regarded  as  belonging  to 
them,  has  been  shown  by  the  examination  of  the  best  preserved  remains 
to  be  nothing  more  than  an  inferior  ape.  The  general  laws  of  the  geo- 
graphic distribution  of  beings,  and  especially  that  of  increasing  restric- 
tion of  area,  with  superiority  of  organization,  permit  us  to  affirm  that 
man  primarily  occupied  only  a  very  limited  part  of  the  globe,  and  that 
if  he  is  now  everywhere,  it  is  because  he  has  covered  the  earth  by  means 
of  his  emigrant  tribes. 

I  am  aware  that  this  idea  of  the  peopling  of  the  globe  by  migrations 
has  disquieted  many  persons.  It  puts  directly  before  u&  an  immense 
unknown;  it  raises  a  world  of  questions,  a  large  number  of  Which  may 
appear  inaccesvsible  to  our  investigations.  It  has  been  often  said,  "Why 
create  all  these  difficulties?  It  is  more  natural  to  confine  ourselves  to 
the  popular  movement  attested  by  history,  and  accept  autochthonism, 
especially  among  the  lower  savages.  How  could  the  Hottentots  and 
the  Fuegiens  reach  their  present  country  starting  from  some  undeter- 
mined pomt  posited  in  the  north  of  Asia  !  Such  voyages  are  impossible; 
these  peoples  were  born  at  the  Cape  of  Good  Hope  and  at  Cape  Horn." 
These  suggestions  may  be  answered  by  an  aneedote  borrowed  from 
Livingston,  the  bearing  of  which  will  be  easily  comprehended.  This 
iliustrious  traveler  relates  how  in  his  youth  he  with  his  brothers  made 
long  excursions  devoted  to  observations  in  natural  history.  "In  one 
of  these  exploring  tours,"  he  says,  "before  the  study  of  geology  had 
become  as  common  as  it  did  later,  we  went  into  a  limestone  quarry. 
It  is  imi)ossible  to  express  with  what  joy  and  astonishment  I  set 
myself  to  picking  out  the  sliells  which  we  found  in  the  Carboniferous 
rocks.  A  quarryman  looked  at  me  wnth  that  air  of  compassion  which 
a  kindly  man  takes  on  at  the  sight  of  a  person  of  feeble  mind.  I  a^^ked 
him  how  these  shells  came  in  these  rocks,  he  answered,  *VVlien  God 
made  the  rocks,  he  made  the  shells  and  put  them  there.'"  Livingston 
adds,  "What  pains  geologists  might  have  spared  themselves  by  adopt- 
ing the  Ottoman  philosophy  of  that  workman."  It  may  be  asked,  in 
turn,  where  would  geology  have  been  if  men  of  science  had  adopted 
that  philosophy  !  I  ask  the  anthropologists  to  imitate  the  geologists: 
I  invite  them  to  inquire  how  and  by  what  way  the  most  distant  peoples 
have  radiated  from  the  center  of  the  first  appearance  of  man  to  the  ex- 
tremities of  the  globe.  I  am  not  afraid  to  predict  briUiant  discoveries 
to  those  who  will  set  themselves  seriously  to  the  study  of  the  numerous 
and  well-estabhshed  migrations.  In  this  the  past  permits  a  glimpse 
into  the  future. 

Some  years  since,  when  objectors  used  the  language  I  have  just 
recalled,  they  did  not  fail  to  add  Polynesia  to  the  list  of  regions  wliich 
man,  then  destitute  of  all  our  perfected  arts,  could  not  have  reached. 
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It  is  now  known  liow  completely  such  assertions  have  been  contra- 
dicted. Addiug  his  personal  researches  to  those  of  his  predecessors. 
Hale  first  drew  a  map  of  Polynesian  migrations.  Twenty  years  later, 
aided  by  the  documents  subsequently  collected,  I  was  able  to  com 
plete  the  work  of  the  learned  American.  Now,  as  has  been  said  by 
the  lamented  Gaussin  (so  competent  to  speak  in  all  that  relates  to 
Oceanica),  the  i)e()pling  of  Polynesia  by  migrations  starting  from  the 
Indian  Archipelago  is  as  clearly  demonstrated  as  the  invasion  of 
Europe  by  barbarians  in  the  Middle  Ages. 

Like  Polynesia,  America  was  peopled  by  colonies  of  emigrants  from 
the  Old  World.  Their  point  of  departure  is  to  be  discovered  and 
their  tracks  to  be  followed.  The  labor  will  indeed  be  more  difficult 
and  longer  upon  the  Continent  than  in  Oceanica,  principally  because 
the  migrations  were  more  numerous  and  go  back  to  a  higher  antiquity. 
The  first  Indonesian  pioneers  who,  departing  from  the  Island  of 
Bouro,  landed  in  the  Samoan  and  Tongan  archipelagos,  probably 
made  the  passage  near  the  end  of  the  fifth  century,  or  about  the  time 
of  the  conversion  of  Clovis.  The  peopling  of  New  Zealand  by  emi- 
grants firom  the  Manaias  goes  back  at  most  to  the  early  years  of  the 
fifteenth  century.  Thus  the  peopling  of  Polynesia  was  all  accom- 
plished during  our  Middle  Ages,  while  the  first  migrations  to  America 
date  from  geological  times.  Two  savants,  to  whom  we  owe  precious 
discoveries,  Ameghino  and  Whitney,  have  traced  the  existence  of  man 
in  America  back  to  the  Tertiary  age.  It  is  true  that  this  opinion  has 
been  contested  by  men  of  equal  repute;  but  I  believe  that  the  view  of 
these  men  is  confirmed  by  a  comparison  of  the  fossil  faunas  of  the 
pampas  of  Brazil  and  the  California  gravels. 

Judging  by  what  little  we  know,  man  reached  Lombardy  and  the 
Gantal  before  he  had  penetrated  to  America.  It  is  necessary  here, 
without  doubt,  to  make  the  most  formal  reserves  in  favor  of  future  dis- 
coveries; but  if  the  fact  is  confirmed,  it  would  seem  to  admit  of  easy 
explanation.  Everything  leads  me  to  believe  that  the  separation  be- 
tween America  and  Asia  as  now  existing  took  place  before  the  Quar- 
ternary  epoch.  If  it  was  otherwise  the  species  of  manmialia  common 
to  the  north  of  both  continents  would  have  been  more  numerous.  The 
men  and  land  animals  on  the  shore  of  the  Bering  Se^i  and  Strait  have 
been  stopped  there.  But  when  the  great  geologic  winter  substituted 
the  polar  temperature  for  a  climate  similar  to  that  of  California,  the 
ancient  Tertiary  tribes  were  forced  to  migrate  in  every  direction.  A 
certain  number  of  them  may  have  embarked  upon  the  ice  extending 
between  the  two  shores,  and  thus  have  arrived  in  America  with  the 
reindeer,  as  did  their  western  congeners  in  France  with  the  same 
animal.  From  that  time  the  era  of  immigration  was  opened  for 
America;  it  has  never  been  closed  since.  Each  year  the  winter  re- 
builds the  bridge  which  unites  East  Ca])e  with  the  Cape  Prince  of 
Wales;  each  year  a  road — relatively  easy  for  the  hardy  pedestrians, 
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8tret<?he8  from  oue  coiitiueiit  to  the  other;  and  we  know  that  the  pop- 
ulation of  the  two  opposing  shores  take  advantage  of  it  to  maintain 
communications  with  each  other. 

Whenever  one  of  those  great  social  agitations  of  Asia  made  its  waves 
felt  in  distant  countries;  whenever  revolutions,  j>olitical  or  social,  over- 
wlielmed  them,  is  it  not  evident  that  the  fugitives  or  the  vanquished 
would  often  have  taken  this  route,  of  the  existence  of  which  they  were 
aware?  To  reject  the  idea  of  such  migrations  over  the  frozen  seas,  it 
would  be  necessary  to  suppose  that  since  the  commencement  of  the 
Quartemary  period  all  neighboring  regions  have  enjoyed  a  perpetual 
l>eac*e ;  but  we  all  know  that  such  a  peace  is  not  of  this  world.  This  sea 
may  not  have  been  the  only  route  followed  by  American  immigrations. 

The  chain  formed  by  the  Aleutian. islands,  and  Alaska  further  to  the 
south,  ox)ened  a  second  route  to  tribes  which  possessed  a  little  skill  in 
navigation.  The  Aleuts  occupy  in  Prof.  Ball's  ethnological  chart  the 
whole  extremity  of  the  x)enin8ula. 

By  these  ways,  what  we  might  call  the  normal  i)eopling  of  America 
may  have  taken  place.  But  bathed  on  either  side  by  a  great  ocean, 
this  continent  could  not  fail  to  profit  by  the  hazards  of  navigation,  and 
we  can  recognize  more  and  more  how  it  may  have  been  done.  It  may 
now  be  said,  that  with  Europe  and  Africa  on  one  side  and  Asia  and 
Oceania  on  the  other,  these  have  sent  to  America  a  number  of  invol- 
untary colonies  more  considerable  perhaps  than  might  be  supposed. 

Immigrations  in  America  as  well  as  in  Europe  have  been  intermittent, 
and  separated  sometimes  by  centuries.  Ameri<*a  has  been  peopled  as  if 
by  a  great  human  river,  which,  rising  in  Asia,  has  traversed  the  conti- 
nent from  north  to  south,  receiving  along  its  course  a  few  small  tribu- 
taries. This  river  resembles  the  torrent  streams  of  which  there  exist 
examples  in  France.  Usually,  and  sometimes  for  years  at  a  time,  their 
be<l  is  nearly  dry.  Then  a  great  stx)rm  comes  and  a  liquid  avalanche 
descends  from  the  moimtains  where  their  sources  rise,  covers  and  rav- 
ages the  i^lain,  turning  over  the  ancient  alluviums,  disturbing  and  ming- 
ling the  old  and  new  material,  carrying  farther  each  time  the  debris 
eroded  on  its  passage.  Such  has  been  the  career  of  our  ethnological  river. 
Its  floods  moreover  have  oft^n  been  diverted  to  the  right  or  left,  and 
it  has  opened  new  channels.  It  has  also  had  its  eddies ;  but  its  general 
direction  has  not  changed,  and  we  can  trace  it  down  to  the  present. 

One  of  the  most  agreeable  tasks  for  the  students  of  American  pre- 
historic anthropology  will  be  to  retrace  this  river  up  to  its  source;  to 
determine  the  succession  of  its  floods;  to  distinguish  the  origin  and 
nature  of  the  elements  which  it  has  swept  down;  to  follow  those  ele- 
ments from  stage  to  stage,  and  to  thus  recover  the  route  each  one -of 
them  has  taken  to  the  point  of  its  arrival;  in  other  words,  to  write  the 
history  of  these  migrations  of  the  different  people  of  America.  The 
accomi>lishment  of  this  task,  as  has  already  been  said,  is  indeed  nmch 
more  difficult  in  America  than  in  Polynesia.    Those  who  undertake  it 
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will  eiicouuter  iiotliiug  coiTe8i)oudiug  to  the  historic  songs  and  the 
geneologies  composing  the  oral  archives  and  traditions  so  religiously 
preserved  in  all  the  islands  of  the  Pacific.    But  modern  science  has 
resources,  the  i)ower  of  which  we  are  better  and  better  coming  to  un- 
derstand, combining  the  data  furnished  by  the  study  of  geologic  strata 
and  their  fossils,  of  comparative  craniology,  of  linguistics,  and  of 
ethnography.    We  may  hope  to  ent^r  upon  this  group  of  problems  and 
to  foresee  their  solution.     Serious  efforts  have  already  been  made  in 
this  direction,  whicli  have  not  been  unfruitful.    One  can  even  now  in- 
dicate upon  the  chart  a  considerable  number  of  itineraries,  even  though 
as  yet  only  partial  and  local.    They  are  scarcely  more  than  fragmen^ 
ary  traces,  similar  to  those  which  tlie  predecessors  of  Hale  found  in 
Oceania.    Possibly  it  will  be  a  long  time  thus;  nevertheless,  the  Amer- 
icanists should  not  lose  courage;  each  new  discovery,  of  however  small 
importance  it  may  at  first  appear,  is  some  progress  toward  the  general 
end.    Year  after  year  these  fragmentary  traces,  now  so  isolated  and 
scattered,  will  be  consolidat^id  and  coordinated  with  each  other,  and 
then  will  come  a  day  when  a  map  of  American  migrations  can  be  oon- 
structed  showing  the  movement  of  early  man  from  Asia  to  Greenland, 
and  to  Cape  Horn,  similar  to  the  map  alrea<ly  made  of  Polynesian  mi- 
gration from  the  Indian  Archipleago  to  Easter  Island,  cand  from  Nev 
Zealand  to  the  Sandwich  Islands. 


PRIMITIVE  INDUSTRY.* 


By  Thomas  Wilson,  LL.  D. 


Fhe  modern  signification  of  primitive  industry  is  the  art  work  of 
imitive  man,  and  as  sucli  is  a  test  of  bis  civilization.    As  we  know 

the  earliest  man  only  by  his  industries,  it  is  justifiable  under  this 
5ad  to  consider  man  in  the  highest  antiquity.  The  origin  of  man 
id  his  first  known  appearance  upon  earth  have  always  been  interest- 
ig  subjects  and  have  attracted  the  attention  of  all  men  throughout 
11  time.  It  is  mysterious,  unknown  ;  it  awakens  curiosity;  it  excites 
liat  iwrtion  of  man's  nature  which  desires  to  trace  things  to  their 
>rigiu,  and  to  find  a  rational  and  satisfactory  explanation  of  the  cause 
lul  manner  of  man's  appearing.  It  has  been  studied  from  various 
oints ;  by  biology,  by  palaeontology,  linguistics,  history,  psycho-phys- 
5s,  and  by  archaeology.  There  are  various  branches  of  science  by 
liich  the  history  of  man  can  be  studied,  but  they  are  all  modern, 
he  ancients  knew  nothing  relating  to  the  antiquity  of  man. 

Hntil  the  times  of  Copernicus  and  Gallileo  it  was  believed  that  the 
fcrth  was  the  center  of  the  solar  system,  and  that  the  sun,  moon,  and 
ars  revolved  around  it.  Until  the  time  of  Michael  Angelo,  and  Ber- 
ird  Pallissy,  fossil  shells  found  in  the  earth  were  believed  to  be  the 
ailments  of  stars  fallen  from  the  heavens.  One  hundred  and  fifty  or 
'o  hundred  years  ago  the  science  of  geology  commenced  to  be  studied, 
'd  the  formation  of  the  earth,  with  its  proper  place  in  the  solar 
^tem,  began  to  be  understood.  At  the  beginning  of  the  nineteenth 
ntury  it  was  an  accepted  theory  that  man's  appearance  upon  earth 
"'ted  only  about  six  thousand  years  ago.  This  theory  was  accepted 
**  want  of  any  better;  those  who  rejected  it  did  so  a  priori^  and  not 
'Cause  they  had  another  or  juster  theory  to  propose.  In  the  early 
'^'t  of  this  century,  the  Government  of  Denmark  organized  a  commis- 
^ti,  composed  of  a  geologist,  a  zoologist,  and  an  archaeologist,  charged 
'til  the  duty  of  investigating  that  country  on  the  lines  of  their 
^pective  sciences,  in  the  course  of  which  they  came  upon  the  art 
^i*k8  of  primitive  man.  They  pursued  their  investigations  for  nigh 
irty  yeai's  before  the  first  publication  was  made,  which  resulted, 

"*  A  Saturday  lertiire  delivered  in  the  lecture  hall  of  the  U.  S.  National  MuAeiuii, 
<ler  the  auspices  of  the  Anthropological  Society  of  Washington. 


522  PRIMITIVE    INDUSTRY. 

after  many  disputes  and  much  consultation,  in  the  establishment  of 
the  Pre-historic  Ages  of  Stone,  Bronze,  and  Iron.    This  commission 
fonnd  various  mouumenta  and  implements,  evidently  of  human  origin 
and  manufacture,  which  being  unlike  anything  belonging  to  the  his- 
toric man  of  that  country,  were  decided  to  be  the  evidence  of  an  earher 
and  prehistoric  man.    The  most  important  of  these  were  the  Dolmen, 
which  was  his  tomb,  and  the  stone  hatchets.    These  discoveries  were 
published  in  1836  by  Thomson,  archaeologist,  and  founder  of  the  Pre- 
historic Museum  at  Copenhagen,  of  which  he  continued  curator  for 
fifty  years.    They  were  recognized  throughout  western  Europe,  and 
they  accounted  for  similar  monuments  and  implements  which  theretofore 
had  been  unexplained,  or  if  so,  were  attributed  to  superiiatui*al  means: 
the  hatchets  especially  being  believed  to  have  descended  from  heaven 
in  a  bolt  of  lightning  or  clap  of  thunder,  and  they  were  called  by  thoge 
names  respectively,  "Lightning  Stone"  or  "Thunder  Stone,''  and  were 
guarded  as  amulets  tor  the  protection  of  property  against  fire.    This 
was  the  first  step  in  the  discovery  of  primitive  industry. 

In  18o9  Darwin  published  to  the  world  his  theoiy  on  the  Origin  and 
Evolution  of  Species,  and  thus  he  sought  to  establish  and  explain  the 
antiquity  of  man.  Contemporaneous  with  this  was  the  discovery  of 
PaliBolithic  implements  by  M.  Boucher  dc  Perthes  in  northern  France. 
The  place  of  their  original  and  first  discovery  was  St.  Acheul  on  the 
river  Somme,  but  afterward  they  were  found  in  other  places, — ^CheHes, 
on  the  river  Marne,  near  Paris,  being  one  of  the  principal.  The  latter 
station  gave  its  name  to  the  implements,  and  they  have  since  been 
called  Chellean.  So  far  as  can  now  be  asserted  with  confidence,  these 
implements  arc  the  earliest  made  or  used  by  man.  They  may  have 
serve*!  as  axes,  hatchets,  or  knives,  spear-heads  or  what-not.  They 
appear  to  have  been  a  tool  for  every  use,  just  as  a  sailor  would  use  his 
jackknife  if  he  had  no  other  tool  or  weapon.  They  have  been  called  in 
England  ^'drift  implements"  because  they  were  found  in  the  river  drifts 
or  dejMjsits.  Their  positions  when  thus  found  indicated  for  them  an 
antiquity  equal  almost  to  the  river  valleys  themselves,  and  as  belong- 
ing to  that  geologic  period  called  by  the  French  geologists ''  Quarter- 
nary,"  by  the  English  "  Pleistocene,"  and  by  American  ''  Post-pliocene.'* 

There  was  a  geologic  period  when  the  waters' of  the  earth  were  en 
gaged  in  carving  out  the  river  valleys,  eroding  and  cutting  themont 
between  the  bluffs  on  either  side.  In  that  time  the  rivers  filled  tbe 
valleys  from  the  hills,  pouring  down  their  waters  with  a  rush  and  carry- 
ing the  greatest  quantity  of  water  to  the  sea.  As  time  progressed  th^ 
waters  subsided  more  or  less  and  the  current  became  slower  and  less 
l)owerful.  At  the  close  of  the  Pliocene  and  at  the  beginning  of  the 
Quartemary  period,  the  sand  and  gravel  which  had  before  been  carried 
out  to  sea,  began  to  be  deposited  here  in  this  bend  and  on  that  point 
until  the  deposit  came  to  the  surfa<-e  of  the  water  and  formed  what  is 
now  the  highest  terrace.  Thus  the  river  was  narrowed  and  the  terrace 
became  a  new  river  bank.    TM&  process  was  repeated  again  and  again 
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until  the  river  fiually  receded  to  its  present  bed,  leaving  sometimes 
three  terraces,  each  one  higher,  deeper,  and  more  distant  from  the  river 
than  the  other.  These  terraces  may  not  exist  on  the  rapid  mountain 
streams  of  the  Atlantic  slope,  but  they  are  plainly  to  be  seen  upon  the 
longer  rivers  of  the  western  slope  of  the  Alleghenies.  They  are  plainly 
manifest  in  the  Mississippi  river  and  its  tributaries.  One  who  has  had 
the  opportunity  for  inspection  of  these  gravelly  terraces,  can  see  at 
once  how  the  material  was  brought  down  by  the  water  and  here  de- 
posited. It  is  dependent  upon  amount  and  velocity  of  the  water  and 
the  size  of  the  pebble  whether  the  deposit  is  of  the  finer  debris  or  made 
up  of  i)ebbles  only.  Its  layers  or  strata  are  plainly  marked,  and 
the  volume  and  rapidity  of  the  current  can  easily  be  surmised  if  not 
actually  calculated.  In  France  and  England  bones  of  animals  belong- 
ing to  that  period,  animals  extinct  in  modern  times,  the  mammoth, 
even  its  ancestor  elephas  antiquus,  the  rhinoceros  merkii,  the  hippopot- 
amus, the  cave  bear,  the  saber.-toothed  tiger,  had  been  caught  in  the 
whirls  of  water,  carried  down  and  deposited  with  the  pebbles.  In 
these  gravels,  and  associated  with  these  animals,  have  been  found 
these  chipped  stone  implements  called  chellean.  If  these  implements 
had  been  found  as  isolated  specimens,  only  a  few  in  number,  they 
would  not  be  nearly  so  convincing  as  when  found  as  they  have 
been  in  almost  every  river  valley  of  Western  Europe  by  the  thou- 
sands if  not  the  tens  of  thousands.  They  are  there  usually  of  flint, 
probably  because  flint  was  the  material  easiest  procured  and  best 
suited  to  the  purpose.  In  localities  where  flint  was  not  indigenous, 
quartzite  has  been  used,  and  there  are  in  the  IT.  S.  National  Museum 
specimens  of  this  material  from  England,  France,  and  Asia.  They 
were  made  altogether  by  chipping,  that  is,  by  being  struck  with  the 
hammer;  it  may  have  been  another  pebble;  and  so  flakes  knocked  oft*, 
first  from  one  side  and  then  from  the  other,  until  the  implement  was 
reduced  to  an  irregular  but  sharp  edge  and  point.  They  are  made 
sometimes  of  a  bowlder,  whether  of  flint  or  of  quartzite,  and  the  crust 
of  the  original  pebble  is  shown  and  part  left  for  the  grip.  They  are  of 
a  size  to  be  held  in  the  hand  and  used  as  tools  or  weapons.  There  is 
no  evidence  that  they  were  ever  hafted,  but  on  the  contrary,  their 
form  is  such  as  to  render  them  most  difficult  for  satisfactory  handling. 
All  enveloi>e  of  hide,  grass,  leaves,  moss,  or  something  similar  probably 
served  to  protect  the  hand.  They  have  two  or  three  ])eculiarities,  which 
it  is  proper  to  notice,  other  than  being  chipped  and  having  a  grip. 
They  are  always  of  appropriate  size  for  use;  they  are  thicker  in  pro- 
jwrtion  to  their  width  than  any  other  stone-cutting  implement;  they 
are  usually  almond-shaped,  and  their  cutting-edge  is  at  the  point. 
The  conclusion  that  the  implements  were  of  human  manufacture,  and 
are  evidence  of  the  antiquity  of  man,  was  not  admitted  until  after  much 
discussion  and  investigation.  The  first  of  them  was  found  in  1836. 
M.  Boucher  de  Perthes  soon  after  published  his  belief  that  they  were 
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evidence  of  what  he  called  "Antedeluvian  Man."  It  wa«  disputed, 
first,  that  they  were  not  of  human  manufacture.  M.  Mantel,  an  Euglish 
geologist  of  some  celebrity,  once  read  an  extended  paper  before  one  of  the 
scientific  societies  of  London  to  prove  they  were  not.  The  fact  of  their 
discovery  was  disputed,  the  location  had  to  be  identified  and  established; 
and  it  was  not  until  1859  (thirteen  years  or  more),  that  the  conclosionas 
aforesaid  was  accepted,  and  then  only  after  the  investigation  of  a  joint 
committee  of  fifteen  prominent  scientists,  half  from  England,  half  froni 
France,  which  met  on  the  ground  and  were  fortunate  enough  to  find 
some  specimens  in  situ.  Since  then  the  belief  in  the  genuineness  of  their 
evidence  as  high  antiquity  of  man  has  been  accepted  by  all  men.  It 
was  soon  after  the  discoveries  of  M.  Boucher  de  Perthes  and  those  of 
M.  Lartet  of  the  caves  of  southern  France,  that  Sir  John  Lubbock, 
noting  the  difference  between  this  industry  and  that  of  the  dolmeas 
and  polished  stone  hatchets  of  Denmark  and  other  countries,  and  that 
they  all  belonged  to  the  Stone  age,  topk  upon  himself  the  division  of 
that  age  into  periods,  of  which  he  named  the  former  Palaeolithic,  that 
is,  the  early  period,  and  the  other  the  Neolithic,  or  the  later  period  of 
the  Stone  age.  Thus  it  will  be  perceived  that  the  existence  of  a 
Psileeolithic  period,  the  evidence  of  the  occupation  of  that  country  by 
man  in  a  period  of  time  earlier  than  the  Neolithic,  was  as  much  opposed, 
and  required  as  long  a  time  to  secure  a  favorable  settlement  as  has 
the  discoveries  of  Dr.  Abbot  of  similar  implements  in  the  Trenton 
gravels.  From  France  and  England  the  new  evidence  concerning  the 
antiquity  of  man  spread  to  other  countries,  and  it  was  found  that 
similar  implements  existed  in  nearly  every  country  in  the  world.  They 
have  been  found  in  Spain  and  Portugal.  Mr.  H.  C.  Mercer,  a  gentleman 
from  Philadelphia,  while  at  Madrid  during  the  last  exx)osition  in  1892, 
visited  one  of  the  gravel  beds  of  the  neighborhood,  San  Isadore,  where 
these  implements  were  said  to  have  been  found,  and  he  discovered  one 
in  place  which  he  declares  impossible  to  have  been  other  than  an 
original  deposit.  He  secured  all  evidence  by  photographs,  plaster 
casts,  etc.  So  also  of  Italy.  They  have  been  found  in  various  locali 
ties  and  are  to  be  seen  in  the  museums  of  different  cities.  Prof.  H.W. 
Haynes,  of  Boston,  found  the  same  kind  of  implement  on  the  left  bank 
of  the  Nile,  not  in  the  alluvial  deposit,  but  in  an  eroded  gully  or  water- 
way in  the  original  gravelly  deposits.  Christian  missionaries  to  tlie 
Holy  Land  have  found  and  reported  similar  implements,  and  they  are  de- 
iwsited  in  the  museum  at  Paris.  Two  great  stations  in  Hindostan  were 
also  disclosed,^-one  near  Madras,  in  southeastern  Hindostan,  and  the 
other  in  Nerbudda,  on  the  northwest  coast.  In  many  of  these 
cases  such  implements  were  deposited  deep  in  the  gravel  together 
with  the  bones  of  extinct  animals,  accompanied  only  by  their  neces 
sary  debris  of  chips,  hammers,  flakes,  etc.;  and  except  certain  im- 
plements, the  hammer,  scraper,  and  leaf-shaped  blade,  which,  from 
their  nature,  belonged  to  both  periods,  nothing  was  found  whicli 
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id  any  relation  with  the  Neolithic  or  polished  stoue  period.  So 
bas  come  to  pass  that  throughout  the  world,  whatever  differeuces 
lere  may  have  been  between  the  scientists  as  to  the  antiquity  of  man, 
r  the  locality  of  his  original  appearance,  manner  of  his  civilization,  use 
f  implements  (and  these  differences  have  been  almost  infinite),  nearly 
11  of  them  have  agreed  upon  the  existence  of  this  Paleolithic  period, 
lul  that  it  was  anterior  to  the  Neolithic  period.  It  is  not  therefore 
31  me  to  continue  in  this  country  a  discussion  of  matters  which  belong 
0  other  countries,  and  which  have  been  fully  investigated  for  years  by 
he  scientists  of  those  countries  and  been  accepted  as  settled.  If  the 
tvidence  as  to  Paheolithic  man  in  America  be  developed,  arguments 
nade  and  investigations  required,  it  will  be  nothing  more  than  what 
ras  required  in  Prance  and  England  at  the  time  of  the  original  discov- 
5ryj  but  I  am  not  without  the  belief  that  it  will  be  finally  acknowledged 
0  be  true  in  our  country,  as  it  had  been  in  other  countries.  A  series 
)f  i)ertinent  questions  may  have  already  suggested  themselves:  What 
8  the  Palseolithic  age  ?  What  are  its  characteristics  !  By  what  test  is 
t  to  be  known?  Before  the  name  Palaeolithic  was  given  to  it,  indeed 
uany  times  since,  it  was  called  the  age  of  chipped  stone.  It  must  not 
iiowever  be  considered  that  every  stone  implement  belongs  to  the  Stone 
ige  because  it  was  chipped.  Our  own  North  American  Indian,  during 
ill  the  time  he  has  been  known,  even  into  the  present  century,  has  made 
-indeed  prehistoric  man  has  always  made — his  stone  arrow  and  spear- 
heads by  chipping.  The  term  Palaeolithic  age,  synonymous  with  chipped 
Jtone  age  (to  be  translated  as  the  early  Stone  age),  is  to  be  regarded  as 
iescriptive  of  a  certain  state  of  human  culture, — a  stage  of  human  civili- 
tatioQ  belonging  to  the  antiquity  of  man,  and  as  its  name  indicates,  one 
)f  the  eai'liest,  if  not  entirely  the  earliest,  civilization  known.  Some  pre- 
liistoric  anthropologists  believe  there  have  been  earlier  civilizations,  but 
this  conclusion  is  disputed,  and  has  not  been  generally  accepted  by  scien- 
tific investigators.  In  this  early  state  of  culture  primitive  man  em- 
ployed stone  as  the  material  for  all  his  cutting  implements.  He  was  un- 
^quainted  with  the  processes  of  pecking  or  grinding,  and  so,  to  reduce 
these  stones  to  a  sharj)  edge  or  point,  he  had  recourse  to  chipping.  This 
to  accomplished  by  percussion  with  a  hammer  or  punch,  or  a  pusher  of 
^nie  kind,  or  possibly  all  three.  With  these  he  could  knock  off  the 
^rge  chips  and  flakes,  and  could  push  and  press  off  the  smaller  ones. 
'1  this  way  he  reduced  his  implement  to  a  cutting  edge  or  point.  The 
^t  epoch  or  period  of  man's  civilization  was  characterized  by  these 
Dplements.  This  epoch  was  called  by  M.  de  Mortillet  the  chellean 
poch,  but  by  M.  Eeinach  and  others,  the  alluvial  i)eriod,  because  the 
uplements  were  found  in  the  alluvial  deposits  of  the  river  valleys ;  while 
hers  called  the  age  of  the  mammoth. 

As  time  progressed  man  made  certain  improvements  oi*  inventions 
d  attained  a  higher  culture.  These  epochs  have  been  differently  di- 
le<l  and  differently  named  ^  by  some  they  have  been  called  the  cav- 
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en  I  period;  by  others  the  reindeer  period;  aud  M.  de  Mortillet  made 
tiner  distinctions  to  which  he  gave  the  names  of  localitieB  in  which  the 
implements  occur :  Sohitre,  Moustier,  and  Madaleine.  These  were  cav- 
erns or  rock  shelters,  and  they  all  represent  the  cavern  jieriod,  with  the 
mammoth  and  the  reindeer  the  most  abundant,  as  the  represent- 
ative animals.  The  flint  implements  of  these  epochs  were  changed  in 
some  degree, — the  points  become  smaller,  scrapers  appeared ;  bone,  horn, 
ivory  was  used;  harpoons  and  fish-spears  are  found  along  the  river 
banks,  and  there  have  been  already  discovered  about  400  spe^'iiiiens  of 
engraved  animal  bones,  some  of  which  are  only  ornaments  while  others 
are  decorated  implements,  daggers,  ix)ignards,  etc.  It  is  coming  to  be 
somewhat  fashionable  in  the  Unit^sd  States  to  deny  the  antheuticity  of 
these  works  of  Palaeolithic  art;  to  denounce  them  as  frauds,  declar- 
ing them  to  be  too  fine  to  have  been  the  work  of  a  savage.  It  is  not 
my  purpose  on  this  occasion  to  enter  into  any  defense  thereof.  When 
ever  these  charges  shall  take  proper  form  and  appear  over  responsible 
signatures  in  the  scientific  publications  of  this  country,  and  be  trans- 
mitted to  France  and  England,  their  people,  who  are  most  interested 
and  best  acquainted  with  these  objects,  will  be  abudnantly  able  to  make 
response  thereto.  Until  that  time,  they  will  as  I  do — ignore  all  insinna- 
tions. 

It  has  been  announced  that  new  discoveries  made  by  some  of  our 
local  archaeologists,  whose  names  were  mentioned,  had  about  demol- 
ished the  Palaeolithic  age  in  Euroi)e  as  well  as  in  America.  1  dissent 
from  this  opinion,  but  it  is  not  to  be  discussed  here.  When  the  prop- 
osition shall  have  been  published,  so  that  we  may  know  exactly  what  is 
charged  and  what  is  to  be  combatted,  then  it  can  be  turned  over  to  tbe 
European  prehistoric  experts  for  them  to  defend  their  proposition,  and 
no  one  will  doubt  their  ability  to  do  so.  The  seeker  after  knowledge 
may  properly  ask,  how  it  can  be  known  that  these  different  stages  of 
culture  succeeded  one  another  in  the  order  named,  and  why  they  should 
be  classed  with  the  l*ala*olithic  age,  1  can  only  upon  this  occasion 
state  the  facts  which  appeared  satisfactory  to  the  various  investigators, 
without  attempting  to  argue  or  prove  them.  In  the  alluvial  period,  the 
chellean  epoch,  these  implements  have  been  found  in  various  parts  of 
Europe  by  the  ten  thousand,  and  always  without  the  slightest  trace  of 
the  association  with  implements  of  polished  stone.  A  single  locali^? 
it  is  agreed,  would  be  little  or  no  value,  but  when  it  comes  to  be  re- 
peated by  the  score  of  times  in  localities  widely  separated,  belonging 
even  to  different  countries,  with  never  an  exception,  it  has  been  ad- 
mitted as  satisfactory  evidence  that  there  was  a  Palaeolithic  age  inde- 
pendent from  the  Neolithic.  That  it  Avas  earlier  than  the  Neolithic 
seems  to  be  established.  The  position  in  which  the  implements  have 
been  found,  indicating  their  great  age;  the  conditions  under  which 
they  have  been  found,  deep  in  the  undisturbed  gravels  of  the  river 
valleys,  and  assijciated  with  the  bones  of  extinct  animals,  which,  in  the 
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L»i>iiiioii  of  the  investigating  geologists,  proves  that  they  belonged  to 
a  prior  geologic  period,  the  Quaternary,  or  Post-pliocene. 

The  progressive  steps  of  culture  and  invention  mentioned  as  belong- 
iug  to  the  cavern  period  seem  to  have  been  satisfactorily  established 
by  investigation  made  in  the  caverns  themselves,  where  in  numerous 
instances  the  gradual  filling  up  of  the  cavern  has  preserved  the  earlier 
>ccapation  at  the  bottom,  while  the  subsequent  occupations  have  taken 
:beir  respective  places,  each  one  above  the  other  in  their  orders  of 
;iine.  For  example,  at  Kent's  Cavern,  near  Torquay,  England,  the  cav 
?ru8  investigated  with  all  possible  care  during  a  period  of  twelve  or 
liirteeu  years,  in  which  as  many  thousand  dollars  were  expended, 
mder  the  direction  of  a  committee  jippointed  by  the  British  Associa- 
iou,  where  the  strata  of  these  early  occupations  were  covered  by  layers 
►f  stalagmite  spread  over  what  was  then  the  entire  surface,  separating 
kiid  sealing  it  hermetically  from  subsequent  occupation.  Under  it,  in 
various  parts  of  the  cavern,  were  found  these  same  chipped  flint  imple- 
oents,  which  have  been  denominated  chellean,  and  beyond  the  chips 
^nd  flakes  possibly  the  hanmiers  incident  necessary  for  their  fabrication. 
^o  other  trace  of  human  industrv  was  found.  In  the  Grotte  de  Placard, 
n  southwestern  France,  the  same  super-position  was  found,  which  gave 
^tisfactory  evidence  of  this  succession  of  human  occupation  and  of  the 
icconipanying  (changes  and  improvements  of  human  culture.  The  strata 
containing  Neolithic  and  Paheolithic  objects  are  distinctly  marked  and 
u'e  separated  by  a  stratum  entirely  sterile  so  far  as  concerns  archieology, 
nade  up  chiefly  of  broken  stones  from  the  roof  of  the  cavern,  several 
inches  in  thickness.  The  cavern  of  Laugerie  Haute  gives  the  same 
evidence  and  is  even  more  positive,  for  the  sterile  stratum  is  about  4  feet 
3  inches  in  thickness.  In  the  Grotte  de  la  Vache  the  stalagmitic  stratum 
between  the  Palaeolithic  and  Neolithic  industries  is  about  18  inches 
thick.  The  latest  indications  we  have,  o<'curred  in  the  summer  of  1892, 
when  M.  Jioule  was  called  from  Paris  to  visit  the  prehistoric  station 
cavern  of  Sc*.hweizersbild,  near  Schaflliausen,  in  the  immediate  neighbor- 
hood of  the  cavern  of  Thayingen,  Thiiringen,  which  gave  the  celebrated 
drawing,  engraved  on  bone,  of  the  reindeer  browsing.  M.  Boule  has 
just  published  a  report  of  his  investigations  in  tlie  Nouvelles  Archives 
den  MvtHionH^  tome  iii,  and  he  shows  (pi.  3),  the  drawing  which  he  has 
made  of  the  debris  left  on  the  side  of  the  cavern  showing  the  superposed 
and  consequently  successive  occupations  and  corresponding  improve- 
ments in  human  invention  and  human  culture. 

The  difTerences  between  the  Paheolithic  and  the  Neolithic  ages  in 
Europe,  the  only  place  where  it  has  been  studied,  are  marked  by  dif- 
ferences in  climate,  geography,  fauna,  domesticity  of  animals,  sociology 
and  other  things  beside  industry.  Prof.  Boyd  Dawkins,  *'  Early  Man 
in  Britain,"  page  205,  says  : 

"The  great  changes  in  the  fauna  and  geography  of  Great  Britain, 
at  the  close  of  the  Pleistocene  age,  rendered  it  very  improbable  that 
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the  cave  men  were  iu  any  way  represented  by  the  Neolithic  tribes  wlio 
are  the  first  to  appear  in  pre-historic  Europe.  The  former  ]X)8$e88ed 
no  domestic  animals,  just  as  the  latter  are  not  known  to  have  been 
acquainted  with  any  of  the  extinct  species,  with  the  exception  of  the 
Irish  Elk.  The  former  lived  as  hunters,  unaidc^d  by  the  dog,  in  Britain, 
while  it  was  part  of  the  continent;  the  latter  appear  as  farmers  and 
herdsmen  after  it  became  an  island.  Their  states  of  culture  were 
wholly  different.  We  might  expect  on  a  priori  grounds  that  there 
would  be  an  overlap,  and  that  the  former  would  have  been  absorbed 
into  the  mass  of  the  new-comers.  There  is  however  no  evidence  of 
this.    -    -    - 

From  the  facts  at  present  before  us,  we  may  conclude  that  they  be- 
long to  two  races  of  men,  living  in  Europe  in  successive  times,  and 
separated  from  each  other  by  an  interval  sufficiently  great  to  allow  of 
the  above-mentioned  changes  taking  place  in  the  physical  conditioDS 
of  Britain.''    .     -    . 

Sir  John  Evans,  in  "Ancient  Stone  Implements  of  Great  Britain,'' 
page  618,  says: 

"There  appears  in  Britain  to  have  been  a  complete  gap  between  the 
river  drift  and  surface-stone  periods  (that  is  to  say,  the  Palaeolithic  and 
Keolithic  periods) ;  so  far  as  any  intermediate  forms  of  implements  are 
concerned;  and  here  at  least,  the  ra(*.e  of  men  who  fabricated  the  latest 
of  the  Palaeolithic  implements  may  liave,  and  in  all  probability  had, 
disappeaced.  at  an  epoch  remote  from  tliat  when  the  country  was  again 
occupied  by  those  who  not  only  chipped  out  but  polishes]  their  flint 
tools,  and  who  were  moreover  associated  with  a  mammalian  fauna  hi 
nearer  resembling  that  of  the  present  day  than  that  of  the  Quatenaiy 
times." 

M.  Gabriel  de  Mortillet,  iu  "  Le  Prehistorique,"  page  479,  discussing 
the  difference  between  the  Palaeolithic  and  Neolithic  periods,  says  the 
former  belonged  to  the  Quaternary  geologic  period  while  the  latter 
belongs  to  the  present  or  ivctual  periods.  "Between  these  tw^o  epochs 
there  are  diflferences  everywhere;  there  exists  a  veritable  revolution/ 
And  he  puts  these  differences,  one  against  the  other,  in  the  form  of  a 
table. 

In  the  later  epoch  of  the  Palaeolithic  period  the  climate  was  cold  and 
dry  with  extreme  temperatures;  while  in  the  Neolithic  period  the  cli 
mate  was  temperate  and  uniform.  - 

In  the  Palaeolithic  period  were  living  many  great  fossil  animals  like 
the  cave  bear,  the  giant  beaver,  and,  most  plentiful  of  all,  the  mam- 
moth; in  the  Neolithic  period  all  these  were  extinct.  Out  of  48  well- 
ascertained  species  living  in  the  Palaiolithic  period  in  France,  and 
England,  only  31  were  continued  in  the  Neolithic  period. 

Of  the  animals  living  in  the  center  of  Europe  on  the  plains,  and  as- 
sociated with  man  in  the  Pala3olithic  period,  no  less  than  18  were  cold- 
loving.  In  the  Neolithic  period,  13  of  them,  such  as  the  reindeer, 
antelope,  musk  ox,  blue  fox  and  white  bear,  emigrated  to  cold  countries 
by  latitude;  while  five,  the  chamois,  marmot,  wild  goat,  and  others 
have  emigrated  to  cold  countries  by  altitude,  going  up  the  mountains. 
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lu  the  Piiljeolithic  period  there  were  no  domestic  auimals.  lu  the 
Xeolithic  period  they  were  abundant. 

In  the  Paheolithic  period,  the  population  was  nouiiulic;  they  were 
hunters  and  fishers,  but  not  agriculturists.  In  the  Neolithic  period 
the  i)opulation  was  sedentary,  and  agriculture  was  well  developed. 

lu  the  Paheolithic  period  there  was  practically  no  pott/ery  in  France 
and  England;  in  Belgium  there  have  been  two  localities  where  pottery 
has  be«n  found. 

In  the  Palaeolithic  period  there  were  no  monuments  of  burials,  and 
apparently  no  respect  for  the  dead.  In  the  Neolithic  period  there  were 
many  and  great  monuments,  dolmens,  and  menhirs  of  great  size,  with 
elaborate  burials. 

There  is  in  the  Paheolithic  period  nothing  to  show  that  man  had  any 
idea  of  religion  or  a  future  state;  in  the  Neolithic  period  these  senti- 
ments and  ideas  were  well  developed. 

In  the  Paljeolithic  period  man  has  an  artistic  sentiment;  in  the  Neo- 
lithic i)eriod  he  apparently  had  none. 

So  it  appears  that  the  revolution  and  contrast  between  the  two  peri- 
ods is  at  once  physical  and  industrial,  natural  and  social.  The  changes 
in  climate  suggest  changes  of  equal  importance  in  orography  and  geo- 
graphy which  must  have  been  ncconipanied  by  profound  geologic  modi- 
fication. All  these  changes  in  man's  civilization,  his  surroundings  and 
environments,  took  place  between  the  Paheolithic  and  the  Neolithic 
periods,  and  this  in  addition  to  the  marked  change  in  his  industry  from 
chipped  to  ixilished  stone.  Thus  it  will  be  seen  that  the  latter  difter- 
ence  is  but  slight,  and  only  one  out  of  a  dozen,  which  equalled  if  it  d4d 
not  exceed  it  in  importance  and  effect. 

Sir  John  Evans,  in  '^  Ancient  Stone*  Implements  of  Great  Britain,'' 
page  618,  says  : 

''  The  antiquity  then  that  must  be  assigned  to  the  implements  in  the 
highest  beds  of  river  drift  may  be  represented  (1)  by  the  period  requis- 
ite for  the  excavation  of  the  valleys  to  their  present  depth;  plus  (2) 
the  i^eriod  necessary  for  the  dying  out  and  immigration  of  a  large  part 
of  the  quarternary  or  post-glacial  fauna,  and  the  coming  on  of  the  pre- 
historic; plus  (3)  the  polished  stone  period;  plus  (4)  the  bronze,  iron, 
and  historic  periods,  which  three  latter  in  tliis  country  occupy  a  space 
of  probably  not  less  than  three  thousand  years.  A  single  equation  in- 
volving so  many  unknown  quantities  is,  as  jilready  observed,  not  sus- 
ceptible of  solution." 

I  resume  the  disi'ussiou  of  the  existence  of  the  Paheolithic  age  in 
the  United  States.  There  have  been  found  in  the  Trenton  gravels, 
numbers  of  rudely  chii)ped  implements  of  argillite  which  have  been 
called  Paheolithic.  They  were  originally  discovered  by  Dr.  Abbott, 
who  resided  at  Trenton  and  who  has  been  interested  in  prehistoric  arch- 
jeology,  and  was  employed  by  the  l*eabody  Museum,  and  who  for  many 
years  has  been  devoted  to  the  pursuit  of  evidence  of  early  man  in  the 
Delaware  Valley.  Fie  is  now  curator  of  the  museum  of  archaeology  in 
H.  Mis,  114 H 
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the  University  of  Peuiisylvaiiia.    Dr.  Abbott,  like  M.  Boucher  de  Per- 
tlies,  was  subjected  to  niucli  investigation  and  had  to  stand  under  the 
light  of  fleree  eriticisni  from  the  oi)i)onents  of  his  theory.     Dr.  Abbott's 
character  or  ability  as  an  archicologist,  a  naturalist,  or  an  observer,  is 
not  at  issue  at  the  present  moment.    No  person  can  now  deny  the  tact 
that  he  believes  that  he  has  found  a  number  of  these  implements  deeply 
inbedded  in  the  original  gravel  deposit  of  the  Delaware  Eiver  at  Tren- 
ton; the  implements  found  at  Trenton  and  otherwheres  in  the  United 
States  have  the  same  general  appearance  of  those  heretofore  shown 
from  other  parts  of  the  world.    In  addition  to  my  own  testimony  on 
this  subject,  I  may  add  the  testimony  of  M.  Boule,  a  noted  French  ge 
ologist  and  student  of  pre-hisTX)ric  man,  on  the  same  subject,  which  has 
appeared  in  the  last  number  of  Anthropologies  vol.  iv,  pp.  36, 37 : 

"During  my  voyage  in  the  United  States  in  1891,  on  the  occasion  of 
the  International  Congress  of  Geology,  at  Washington,  1  was  able  to 
see  some  of  the  chipped  stones  of  Trenton,  in  the  collection  of  pre- 
historic archaeology  at  the  Smithsonian  Institution,  and  in  the  Peabo<iy 
Museum.  1  could  there  study  at  leisure  the  collections  of  Dr.  Abbott. 
That  which  struck  me  most  forcibly  was  the  similitude,  I  may  say 
almost  identity,  of  the  form  of  the  American  instruments  with  the 
European  palaeolithic  implement.  At  Trenton,  as  at  Amiens,  Paris, 
in  the  collections  of  Dr.  Abbott  as  of  those  of  M.  d'Acy,  there  is,  along 
with  a  certain  number  of  chips  and  unforjned  iiieces,  also  a  number  of 
finished  pieces  showing  careful  work,  and  which  could  not  be  *  rejects' 
of  fabricatii)!!.  The  most  careful  and  most  competent  archaeologist  of 
our  country  will  be  unable  to  distinguish  otlietwise  than  by  the  nature 
of  the  material  the  difference  between  the*  instruments  of  Trenton 
(as  well  as  of  other  parts  of  the  United  States)  from  the  pre-liistoric 
implements  of  Europe.  There  is,  in  this  fact,  an  argument  in  favor  of 
the  antiquity  of  these  specimens  Avhich  will  impress  pre-historic  arch- 
jeologists  of  ex])(erience.'' 

The  fact  that  other  gentlemen  entitled  to  e<iual  credit  for  ivccuracy  as 
observers  have  sought  at  Trenton  for  these  implements  in  1893  and 
failed  to  find  any,  is  no  eviden(*ethat  Dr.  Abbott  may  not  have  found 
them  there  from  1S7<)  to  1890.  The  gravel  at  Trenton  speads  over  and 
tills  up  a  saucer-like  <lepression  abimt  three  miles  in  diameter,  and  from 
35  to  42  feet  in  depth  in  the  (»enter.  That  these  gentlemen  should  have 
sought  with  all  care  and  closeness  these  gra\"els  in  the  great  sewer 
Avhich  has  been  lately  laid  tlirough  the  city  of  Trenton  near  the  river, 
and  have  found  none  of  these  implements,  is  no  evidence  that  Dr.  Ab- 
bott may  not  have  found  them  among  the  iicres  of  gravels  10  to  30  or 
more  feet  in  thickness  that  liave  been  dug  out  a  mile  away  from  the 
aforesaid  sewer  by  the  Pennsylvania  Kailroad,  during  a  period  of  \m 
or  fifteen  years  past,  to  obtain  gravel  for  its  road  ballast. 

Illustrative  of  my  proposition,  I  may  cite  the  depot  of  Chelles,  near 
Paris,  where  thousands  of  these  implements  have  been  found.  It  is  an 
immense  gravel  bank,  much  tlie  same  as  at  Trenton,  20  or  30  feet  thick, 
extending  over  an  area  of  a  hundred  or  more  acres  in  the  valley  of  the 
nver  Marne.    It  is  located  on  a  railroiid,  and  was  used  as  was  the 
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griivel  at  Trenton,  having  been  dug  out  and  transported  as  railroad  bal- 
last. I  visited  this  station  on  the  excursion  of  the  International  Pre-his- 
toric  Congress  at  Paris  in  1889,  and  there  listened  to  an  acrimonious 
discussion  as  to  the  precise  locality  in  which  the  respective  kinds  of 
imijlement  had  been  found,  a«  for  example  what  kinds  were  found  at 
the  top,  and  what  kind  at  the  bottom  of  the  deposit;  and  it  was  there 
made  apparent  notwithstanding  that  the  ten  thousand  implements 
obtained  from  that  depot,  the  principal  disputants,  the  leaders  of 
opposing  schools,  tliose  who  had  devoted  their  utmost  time,  care,  and 
attention,  to  the  investigation  of  these  implements  and  the  theory  of 
antiquity  and  civilization  to  be  based  therox)n,  none  of  them  had  ever 
found  these  implements  in  place.  M.  Boule,  himself  a  noted  geologist, 
a  close  observer,  and  an  ardent  investigator,  interested  in  this  branch 
of  study,  makes  the  same  declaration  in  the  last  number  of  the  Anthro- 
pologist.  As  it  is  made  since  his  visit  to  the  United  States,  and  bear- 
ing upon  this  discussion,  I  may  be  i)ermitted  to  quote  his  opinion  as  to 
the  want  of  value  in  the  objection  nuwle  that  other  persons  than  Dr. 
Abbott  have  not  found  these  implements  when  they  sought  them  in  the 
Trenton  gravels.  M.  Boule  says,  in  the  last  number  of  V Anthropologies 
vol.  IV,  p.  38,  in  reporting  his  visit  to  the  United  States  during  the 
last  international  geologic  congress: 

''1  did  not  myself  find  any  of  these  chipped  stone  implements  during 
my  excursion  to  the  gravel  pit  at  Trenton,  but  there  is  a  similar  locality 
in  the  neighborhood  of  Paris,  very  rich  in  implements — in  Chelles  for 
example — where  I  have  been  many  times  and  my  searches  have  always 
been  infructuoiis  ;  but  the  deposit  of  gravel  presents  entirely  the  same 
topographic  and  stratigi^aphic  di8])osition  of  the  palaeolithic  alluvium 
of  the  north  of  France  and  south  of  P^ngland. " 

This  proposition  will  be  better  understood  when  the  conditions  are 
once  explained.  The  depot  at  Chelles  is  in  the  neighborhood  of  100 
acres  area,  44,000  square  feet  to  an  acre,  100  times  that  to  100  acres  in 
surface  measure.  If  the  gravel  bank  be  20  feet  deep,  it  would  be  twenty 
times  that  number,  88,000,000  cubic  feet  of  gravel.  I  have  said  1,0(K) 
implements;  there  may  have  been  10,000  such  im])lements  found  at 
Chelles,  which,  scattered  among  88,(K)0,000  cubic  feet  of  gravel,  will  give 
an  average  of  one  implement  to  every  8,800  cubic  feet  of  gravel.  Some- 
times they  are  bunched  so  that  one  may  find  a  dozen  in  a  single  i>ocket, 
or  a  hundred  in  a  single  day,  but  this  only  decreases  the  chances  of 
finding  them  within  any  specified  time.  This  explains  M.  Boule's  state- 
ment that  a  man  may  stay  there  and  watch  the  diggers  for  a  week 
without  finding  a  single  imjdement — this  too  in  a  gravel  bank  which 
furnished  10,(KM)  implements.  1  do  not  give  these  figures  as  exact. 
They  are  only  to  serve  as  illustrations.  I  do  not  know  that  there  were 
just  100  acres,  and  I  only  speak  from  remembrani^e  of  its  ax)pearance 
when  I  estimate  its  depth  at  20  feet,  and  I  only  estimate  10,000  imple- 
ments as  having  been  found  there. 

M.  deMortillet  has  made  a  similar  estimate  with  Tega\dt^^\>,  k^OwK^.^ 
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that  other  great  depot  of  PaheoUthie  implements  which  fiiniished  a 
greater  number  probably  than  any  other  in  the  world ;  and  he  lias 
shown  that  the  dissemination  of  the  implements  through  these  grav- 
els rendered  it  very  unlikely  that  any  person  could  find  an  imple- 
ment in  any  given  length  of  time.  On  the  other  hand,  Dr.  Oapitiw  dis- 
covered a  depositin  the  southwestern  partof  France  dnring  the  summer 
of  1892,  of  which  he  said  he  found  an  implement  or  a  bit  of  worked  flint 
every  five  minutes.  It  was  quite  different  from  this  in  the  workshop 
of  Bois  de  Kocher  in  Brittany,  discovered  by  MM.  Micault  and  Former. 
That  was  a  workshop,  and  the  implements  were  found  all  together  and 
in  a  few  days'  or  hours'  excavation.  Consider  the  comparative  sc^- 
city  of  these  implements  in  the  Chelles  and  St.  Acheul  gravel  banks, 
and  the  comparative  scarcity  of  these  implements  in  the  gravel  deposits 
at  Trenton  will  not  appear  strange,  nor  will  the  fact  that  gentlemen 
spend  weeks  or  even  months  in  the  search  through  these  gravels  in 
what  proved  a  vain  attempt  to  find  Palaeolithic  implements  be  evidence 
against  their  existence.  Imagine  the  gravel  bank  adjoining  the  Penn- 
sylvania Eailroad  depot  at  Trenton,  extending  by  estimate,  eastward 
half  a  mile,  a  ipiarter  of  a  mile  in  width,  the  gravel  20  or  even  30  feet 
in  thickness,  dug  down  and  thrown  into  cars  upon  temporary  tracks, 
which  are  moved  each  day  or  each  week  close  into  tlie  bank — imagine,  1 
say,  this  great  mass  of  gravel,  amounting  to  millions  of  cubic  feet,  with 
the  number  of  Paheolithic  implements  said  to  have  been  found  by  Dr.Ab- 
bott,  1  care  not  whether  we  take  the  smallest  number,  40,  or  the  largest 
number  400  or  500,  scatter  them  through  this  pile  of  gravel,  and  then 
consider  what  would  be  the  chance  of  a  person  finding  one  of  the^e,  I 
care  not  what  his  ability  as  an  observer,  how  ubiquitous  he  was,  nor 
with  what  attention  and  zeal  he  followed  the  shovel  of  the  diggers  and 
inspecte<l  the  fine  gravel  they  threw  out.  I  only  repeat  the  sole  con- 
clusion intended  by  this  line  of  argument — that  it  is  no  proof  these 
implements  do  not  exist  in  these  gravels  that  other  gentlemen  have 
sought  for  and  failed  to  find  them;  while  Dr.  Abbott,  who  has  lived  in 
the  neighborhood  all  his  life,  has  been  engaged  in  the  search  for  twenty 
years  or  more,  has  invoked  the  aid  and  enlisted  the  co-operation  of  his 
neighbors,  the  diggers,  and  the  public  in  general,  and  during  all  that 
time  has  found  only  the  number  suggested,  I  care  not  whether  it  be 
40  or  400.  No  attempt  has  l)een  made  by  anyone  to  impeach  the  ve- 
racity of  Dr.  Abbott  in  this  nmtter.  We  must  acxjept  his  statement  as 
to  the  finding  of  the  implements.  The  conclusions  to  be  drawn  from 
his  faits  are  fair  subjests  for  argument,  and  I  would  not  pretend  be- 
cause we  nuist  follow  Dr.  Abbott's  facts,  that  therefore  we  must 
necessarily  adopt  his  conclusions. 

It  may  be  said  that  in  this  matter  Dr.  Abbott  has  been  deceived; 
that  the  implements  to  which  he  has  attributed  this  antiquity  have  been 
fabricated,  imposed  upon  him  ns  genuine,  when  they  might  have  been 
made  by  the  workmen  with  intent  to  deceive.    This  has  occurred  in 
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other  places.  M.  Boucher  de  Perthes  himself  was  sadly  deireived  in 
several  cases.  One  proof  of  the  antiquity  of  stone  implements,  or  of 
some  of  them,  is  by  the  patina  or  weathering  shown  on  the  exposed 
surface.  Any  of  the  argillite  implements  from  the  Trenton  gravels 
may  be  broken  and  thus  show  the  difterence  of  color  between  the  in- 
side and  the  outside.  On  the  outside  it  is  a  dull  gray,  on  the  inside  it 
is  shining  black;  the  black  color  is  the  natural  appearance  of  the 
stone;  this  is  shown  when  first  chipped;  the  gray  appearance  is  from 
the  weathering,  and  it  has  been  made  by  long  exposure. 

Evidences  of  the  primitive  industry  of  man  have  been  found  in  many 
other  places  of  the  United  States  besides  Trenton.  At  Loveland  and 
Madison,  Ohio,  by  Dr.  Metz;  at  Newcomerstown,  Ohio,  by  Mr.  Mills; 
at  Fedora,  Ind.,  by  J)r.  Cressou,  and  at  Little  Falls,  Minn.,  by  Miss 
Babbitt.  All  of  these  localities  have  been  attacked  in  late  publications 
by  disbelievers  in  the  existence  of  Palieolithic  Man.  In  order  that  1 
may  be  fair  in  argument,  and  accept  fully  the  facts  according  as  they 
are  found  by  the  observer,  it  must  be  conceded  that  the  evidence  of 
palieolithic  occupation  at  Little  Falls  has  been  successfully  assailed  by 
the  investigations  of  last  summer  made  there  by  Mr.  Holmes.  1  have 
upon  another  occasion  complimented  Mr.  Holmes  upoii  the  system, 
thoroughness  of  his  investigations  there;  and  his  conclusions,  so  far  as 
they  are  based  upon  those  investigations,  must  stiind  until  some  subse- 
quent investigator,  going  over  the  same  ground,  shall  change  the 
facts.  I  may  have  disagreed  with  Mr.  Holmes  in  his  conclusions,  but 
I  concede  his  facts  must  stand. 

Some  years  ago  1  made  an  appeal  in  the  form  of  a  circular  from  the 
Smithsonian  Institution,  asking  for  information,  which  was  scattered 
tliroughout  the  United  States,  concerning  these  objects,  and  I  ac- 
companied this  with  cuts  and  engravings  of  similar  objects,  some 
from  Europe  and  others  from  America.  I  received  responses  from 
nearly  every  State  in  the  United  States,  and  many  States  responded 
with  great  numbers.  1  do  not  propose  to  follow  the  result  of  this 
investigation  in  all  its  <letails,  but  to  say  that  there  was  rep<>rted  to 
the  Smithsonian  Institution  a  large  number  of  implements  similar 
in  every  regard  to  those  found  in  the  gravels  at  Trenton  and  other 
places,  and  to  those  from  Western  Europe.  Many  ot  those  reported 
were  not  Palieolithic — did  not  resemble  Palieolithic  implements — many 
of  them  were  but  chips  and  rude  Hakes — some  objects  were  man- 
ifestly Neolithic;  but  omit  all  these,  still  there  was  a  considerable  num- 
ber of  implements,  representing  ])ractically  every  State  in  the  United 
States,  which  would  correspond  in  (»very  particular  (save  in  some  cases 
material),  with  those  from  Euroi>e.  These  identical  implements,  had 
they  been  found  in  western  Europe,  and  presented  before  any  com- 
mittee of  the  best  archieologists,  they  would  be  pronounced  Palieo- 
lithic. In  this  connection,  I  refer  again  to  the  quotation  made  a  little 
time  ago  from  M.  B(mle,  wherein  he  states  the  same  thing.     But  thesii 
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implements  were  not  fouud  in  Europe,  and  their  value  as  evidence  of 
Prehistoric  Man  in  the  United  States  has  been  disimted. 

You  will  ask  what  is  my  conclusion  with  regard  to  this  matter.  1 
conclude  that  this  similarity  of  such  vast  numbers  of  these  imple 
ments  from  two  continents  and  representing  widely  separated  peoples 
is,  as  M.  Boule  has  said,  "  an  argument  in  favor  of  their  antiquity  which 
will  greatly  impress  pre- historic  archaeologists  of  experience."    It  i& 
to  be  taken  as  serious  evidence  in  favor  of  Palaeolithic  Man  in  Amer- 
ica, as  it  has  proved  him  to  have  existed  in  Europe.     But  it  is  only 
a  single  step  in  the  ladder  of  prehistoric  science;  and  is  to  be  tr^ited — 
more  as  a  working  hypothesis  calculated  to  direct  attention  and  stim — 
ulate  investigation.    My  ccmclusion  is  not  announced  dogmatically,  nor^ 
will  it  be  defended  at  all  hazards.     It  is  expressed  under  all  reservOw-- 
and  subject  to  future  discoveries.     It  will  have  served  a  good  purpose, 
if  it  shall  promote  the  search  of  the  river  valleys  for  these  implement^y^^- 
cause  them  to  be  gathered  and  saved  as  of  value  to  science,  to  not*  ^ 
well  their  associations  Avith  otlier  subjects  to  be  noted,  and  to  discov 
their  material  and  if  possible  the  original  deposit  and  the  place 
their  fabrication.    By  these  means  we  may  hope  to  arrive  at  the  tru 
concerning  these  implements  and  their  relation  to  Pre-historic  Man. 
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Bv  Henbv  Hales. 


January,  1889, 1  received  some  ancient  pottery  from  a  friend  in 
Mexico.  I  was  surprised  to  find  that  so  little  was  known  of  this 
iption  of  ware  among  collect(n\s.  Not  a  single  piece  was  seen  in 
ew  York  museums.  I  met  Prof.  Frederick  Starr  in  the  Museum 
ktural  History,  who  took  much  intt^rest  in  the  ware.  Referring  to 
al  works  on  American  antiquities  I  found  fragments  of  this  ware 
rated  in  John  R.  Bartlett's  x)crsonal  narrative  as  boundary  com- 
aner  of  the  United  States  expedition,  1850  to  1853,  which  he 
I  in  the  Gila  Valley.  Although  so  many  fragments  had  been 
I,  the  whole  ware  had  been  seldom  seen.    All  the  information  I 

get  about  it  was  very  meager.  That  it  was  found  in  the  valleys 
ieep  in  the  ground,  accompanied  by  skeletons,  also  that  much  was 
sn  In  getting  it  out,  was  all  I  could  hear  about  it.  With  these 
ints  I  determined  to  go  to  New  IMexico  to  observe  for  myself,  and 
information  regarding  this  peculiar  pottery.  My  route  was  by 
io  Grande  Railroail  in  New  Mexico  to  Socorro,  west  to  Magda- 

I  then  struck  across  the  Sail  Augustine  plains  to  the  Tule  Rosa 
>n,  which  runs  west  to  Arizona,  near  the  heads  of  the  Frisco  and 
ivers. 

und  the  ruins  commenced  in  Tule  Rosa  Oanyon,  which  I  followed 
^  miles,  and  in  two  of  its  branches.  All  that  can  be  seen  to 
-te  ruins  is  a  few  loose  stones  on  the  surface  of  the  ground, 
ily  recognizable,  which  probably  accounts  for  their  lying  so  long 
turbed.  In  most  cases  I  found  them  where  the  canyons  opened 
ittle  valleys,  with  a  brook,  or,  more  often,  what  had  once  been 
ut  now  a  dry  gully.  Between  the  alluvial  levels  of  these  water 
is  and  the  foot  of  the  mestis  or  mountains,  there  is  generally  a 
ly  rising  ground,  which  appears  to  be  out  of  danger  of  floods; 
were  the  selected  spots  for  building.  The  earth  is  not  as  rich  as 
wer  levels,  and  is  composed  of  clay,  a  little  sand,  and  some  broken 
,  with  a  growth  in  patches,  of  pifion  pine,  junipers,  a  species  of 

walnut,  and,  in  moist  places,  very  large,  tall  piues,  varieties  of 
and  yuccas. 
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bund  ill  some  rooms  very  large  old  deatl  junipers  that  were  iai'ger 

the  surrounding  trees.  Some  of  the  ruins  are  miles  from  any 
r.  They  are  scattered  at  short  intervals  of  a  hundred  yards  to  a 
or  more  apart  in  different  directions,  as  the  ground  lies  favorable, 
at  times  on  higher  rising  ground.  From  these  conditions  it  would 
ar  that  the  population  was  at  one  time  numerous  in  these  valleys, 
nd  some  extensive  ruins  on  a  branch  canyon  a  long  distance  from 
r.  The  ruins  I  excavated  in  were  60  feet,  plainly  traceable,  with 
arauces  of  extending  10()  feet  further,  by  117  feet.  The  60  feet 
divided  into  the  widths  of  three  rooms — the  first  16  by  20  feet,  the 
id  18  by  24,  and  the  third  15  by  18,  which,  with  the  width  of  walls 
3  feet,  made  the  distance.  There  were  three  other  rooms  which  I 
I  trace,  adjoining  the  ends  of  these  rooms,  as  seen  in  Fig.  1,  and  a 
1  middle  room  8  by  8  feet,  but  the  walls  were  not  accurately  laid 
The  outside  walls  were  laid  up  with  roughly  hewed  stone,  worked 
squares  of  about  14  iiu»hes  and  about  3  inches  thick.  Some  of  the 
tion  walls  were  laid  with  uncut  bowlder  stones.  The  walls  were  laid 
ly  cement  smoothly  phistered  inside;  most  of  the  loose  st<me  on  the 
ive  was  uncut  stone.  The  depth  of  walls  was  from  5  to  8  feet,  with 
floors  at  the  bottom  of  rooms.  In  rooms  16  by  20,  on  the  outside 
,  were  two  openings,  one  apparently  each  for  door  and  window ;  they 

blocked  up  with  rough  stone  laid  without  cement.  This  would 
3  it  appear  that  the  floors  of  the  rooms  were  once  about  the  level  of 
arth  (mtside.  Below  these  floors,  and  close  to  or  under  the  founda- 
i,  were  skeletons  of  adults,  but  so  far  decomposed  that  only  the 
5  bones  and  skulls  were  generally  traceable;  very  few  of  these  can 
xhumed  whole.  Nearly  all  the  teeth  are  very  sound.  I  found  in 
room  two  skeletons  in  a  doubled  position,  i)artially  under  the  foun- 
ds, as  shown  in  Fig.  2.  There  was  a  hearth  made  of  four  long 
^  of  square-dressed  stone  forming  the  frame,  filled  up  with  cement 
e  middle.  Under  this  hearth  I  found  the  skeletons  of  two  children, 
e  were  pots  about  the  hejids  of  the  a<lults.  Under  the  chin  of  one 
nd  eleven  shell  rings  and  a  turquoise  bead.  All  the  skeletons  are 
bccompanied  with  pots;  some  have  nothing  with  them,  while  others 

several  pieces;  some  contain  bead  neckla<es,  charretl  corn,  beans, 
pkin  seeds,  fragments  of  woven  labrics,  cord,  braids,  and  human 

etc.  Also  bone  implements  in  a  perfect  state  of  preservation  are 
d  near  the  human  hones  that  are  so  decomposed.     The  pottery  con- 

of  several  kinds;  there  are  the  coil  pots,  as  are  found  in  mounds 
3liff  dwellings,  but  many  are  of  a  much  finer  ware.  A  red,  smooth, 
jy  ware  without  ornamentaticm,  all  of  a  bottle  or  vase  form.  But 
thief  interest  centers  in  the  white  or  rather  light  gray  and  black 
I,  finely  decorated  and  glazed.    The  designs  are  unique,  both  in 

(which  is  various),  and  the  style  of  figure  in  decorating,  much  of 
h  is  like  steps  in  endless  variety  of  changes,  curves,  and  lines  in  a 
5-like  intriciUiy  in  some,  Avith  geometrical  figures  in  others,  but  the 
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equally  well-distributed  balance  of  color  and  forms  mark  this  peculi 
l>ottery.  It  is  of  a  rather  soft  majolica-like  material  in  body,  while  t 
glazed  surface  is  hard  and  brittle,  but  it  is  thin  and  light  in  weig 
Another  ware,  red  and  black,  is  found  in  the  form  of  bowls  and  pit 
ers;  this  differs  somewhat  from  the  white  and  black,  and  is  very  frag 
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I  have  seen  no  whole  specimens,  but  some  are  easily  repaired  and 
come  harder  after  being  exposed  to  the  air  for  a  time.  A  great  m 
bowls  are  found  of  a  drab  or  yellowish-brown  color,  smooth  inside,  \ 
[)lumbago  worked  into  the  clay  and  made  very  smooth.  These  are  o 
found  bliickened  outside  from  fire,  and  inside  a  black  charcoal-like  d 
These  were  i)robably  cimking  utensils.     Stone  implements  ai-e  q 
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-inftAtas,  iDoi'tar<4,  axes,  Itanimers,  atid  most  of  the  tiRiinl  ar- 
e  kind,  except  spoar-lieadN,  or  war  iru| dements,  ^rhich  I  did 
'he  little  obsidian  ariyxr  points,  very  fine  and  small,  are  found 
1  the  soil;  I  saw  som^-  cnide  smoking  pipes,  and  two  lengths 


t*J 


peared  to  be  water  pipe» ;  alRO  a  bell  of  bronze  similar  to  Fig, 
Lnnual  Report  of  Bureau  of  Ethnology,  but  having  the  shoul* 
ke  the  triplet  bells,  Fig.  43.  It  is  3  inches  long  and  2  broiul. 
some  &nely  carved  small  figures  of  animals  not  over  an  inch 
greenish  stone,  resembling  jade.     Some  pebbles  1  found  were 
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polished  on  one  or  more  sides.  A  few  were  of  black,  fine-grained  8toue, 
which  the  Mexicans  called  moist  stones,  for  after  holding  them  in  the 
warm  hand  and  using  a  little  friction  they  feel  moist.  In  some  of  tbe 
rooms  charred  parts  of  beams  of  pine  were  found ;  all  the  raw  wood  had 
Undoubtedly  rotted  away.  Many  were  the  speculations  of  the  iiihabi 
tants  I  heard  expressed  about  the  race  of  people,  and  why  they  left, 
pone  of  which  gave  any  solution  to  the  difficulty.  It  is  evident  that 
only  a  very  few  bodies  were  buried  under  the  houses,  or  they  would  be 
much  more  numerous  after  a  long  continued  occupation.  It  seems  a 
great  mystery  how  these  buildings'became  filled  up  and  have  fragments 
of  pottery  through  the  earth  from  top  to  bottom.  The  earth  in  most 
localities  is  quite  hard,  and  can  be  removed  only  by  a  pick-ax.  If  an 
archaeologist  had  an  entire  building  cleared  out  and  laid  bare  inside  and 
out,  a  better  solution  might  be  arrived  at.. 


RELICS  OF  AN  INDIAN  HUNTING  GROUND, 

IN  YORK  OOrNTY,  PA. 


BY  ATREUS   WANNER. 


fork  County  is  assumed  to  have  been  only  occasionally  visited  by 
lians  and  reputed  to  be  comparatively  barren  of  relics.  In  a  re- 
itly  published  history  of  the  county,  it  is  said  that— ^ 

'It  [York  County]  was,  as  it  appears  from  the  Indian  complaints, 
Bcediug  its  settlement,  a  hunting  ground,  or  on  the  way  to  hunting 
ounds,  nearly  all  woods,  and  claimed  by  the  Indians  to  have  been  ex- 
essly  reserved  for  them  by  William  Penn,  The  original  settlers  here 
iiul  immense  tracts  of  lnnd  entirely  denuded  of  timber  by  the  annual 
es  kindled  by  the  Indians  for  the  purpose  of  improving  their  hunt- 
?  grounds." 

Such  a  statement  concerning  the  Indian  occuj^ation,  without  calling 
o  question  its  accuracy,  is  too  general  and  vague.  It  conveys  to  us 
conception  of  the  extent,  character,  location,  and  number  of  Indian 
elements  in  the  territory. 

desirous  of  learning  more  about  these  aboriginal  settlements,  the 
lior  selected  a  limited  area  of  the  county  and  then  proceeded  to  (jare- 
Ji^  search  the  ground.  The  object  was  to  ascertain  just  what  evi- 
t^*es  of  Indian  occupation  could  yet  be  found  strewn  over  the  fields, 
»y  of  which  have  been  cultivated  for  more  than  a  hundred  years. 
t;  the  search  was  well  rewarded  is  i)roven  by  the  number  and  variety 
[>«cimen8  collected. 

he  region  selected  extends  along  the.  Codorus  Creek,  having  a 
••clth  of  two  miles,  and  a  length  of  six,  with  the  city  of  York,  (York 
xity.  Pa.,)  in  its  center.  The  area  thus  located  rejiches  from  the 
^53  of  the  creek,  above  the  city,  to  two  high  hills,  between  which  the 
orus  flows.  The  surface  of  the  land  is  undulatory  and  well  watered 
1 1  umerous  runs.  It  is  now  a  thickly  settled  and  highly  cultivated 
t  of  the  county.  All  the  relics  described  in  this  paper  have  been 
^id  along  the  Codorus  and  its  tributary  runs,  since  1882. 
k-ll  the  implements  herein  described  were  collected  from  the  surface 
•Various  fields. 
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Lra/nhapcd  implemcntn. — Wliethor  tbc.  RpeciDietis  illustratiil  were 
us(;d  as  Ian  eel  leads  nr  not  is,  of  couvse,  niei-e  npeculation.  In  aildition 
to  "the  abseii».'e  of  a  notcOicd  or  stemmed  base  or  both,"  by  wliirh  Hr. 
Abbott  separates  lanoe  from  spear-heads,  these  specimeus  are  of  com- 
paratively ^reattliickiiess.  The  a^coiiiimnyiiig  illuBtratious  ^vill  mttn 
(.■learly  serve  to  point  out  the  difference  between  lance-heads  and  S|)ear- 
beads,  whether  such  differences  are  enongh  to  warmnt  the  inferenn; 
that  they  were  used  for  different  purposes  or  not. 


(1>  Qraj'  cnnipai^t  nitmlatonu :    Lenf>t]i,  4^  inches;  widtb,  1|  ins.;  thicknew,  iiiK 

(2)  IVlsiliu  roi-k,  j.iirple:  Lnigtli, -11  iiiB.;  wiilth,Kn'itt*ait,2i  ing,;  tWirknew,  i  in. 

(3)  Qiiurtx,  gray:  Length.  H^mcbea;  width,  Hinclieft;  thickiirflN,  ^  inch. 

(4)  Qaortz,  gray:  TliirknMs,  !  inrh.  ^ 

Spearhea^h. — Alt  of  the  specimens  iltnstrated  nnder  this  head  bave 
bases  NO  fiishioued  as  to  provide  for  t  lie  attachment  of  a  shaft,  whilst  tlie 
precetilng  bear  no  evidences  of  luivinybeenso  wi-onght.  Figs.9, 10, 11, 
12,  and  13  may  have  been  nscd  for  "  tishing  spears."  At  any  rate,  owing 
to  their  shape,  they  would  haveanswered  that  piiri»ose  better  than  any  of 
the  other  stone  implements  we  have  found.  The  shallow  Codoms,  ffith 
its  generally  clear  water,  along  the  banks  of  which  all  nf  these  sleutlef 
Hi>ear-heads  were  found,  must  have  been  a  good  stream  in  which  to 
spear  fish.  Only  one  point,  Fig.  12,  is  represenU'd,  though  we  have  a 
number  of  them,  to  which  we  referred  when  outlining  the  supposed 
.shape  of  the  basal  pieces — 6,  9, 10, 11,  and  13.  Piga.  !•  and  11  l>ear 
some  resemblance  to  jierforators,  but  their  appearance  and  better  fiu'sh 
seem  to  indicate  a  different  use.  Fig.  10  has  on  each  side,  jii^t  belo« 
the  notch,  a  row  of  prominent  teeth,  a  |>eculiar  variation  of  the  iisoal 
form.  Other  specimens  not  described  are  like  the  ones  illustrated.  AD 
those  desi-ribed  were  found  in  different  fields. 
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Arroic-h^ads. — Several  hundred  arrowheads  have  been  picked  up 
itbin  this  area.  They  seem  to  be  generally  distributed  ovfer  the  fields 
Ijacent  to  the  Codorns  and  along  all  the  various  runs  emptying  into 
le  same.  There  are  five  or  six  localities  where  more  fragments  and 
lore  whole  specimens  have  been  found  than  elsewhere;  but  in  several 
f  these  the  washing  away  of  the  soil  and  the  consequent  exposure 
r  the  stones  account  for  the  greater  ^^find." 


SPEAR-HEADS.  — (Half-size.) 
6  7 


8 


/ 


(5)  Slate,  purple:  Length,  4|  inches;  width,  Ij  inches;  thickness,  |  inch. 

(6)  Slate,  gray:  Widtli,  2  inches;  thickness,  5  inch. 

(7)  Felsitic  rock:  Length,  3|  inches;  width,  lj|  inches;  thickness,  #  inch. 
(H)  Felsitic  rock:  Length,  3  inches;  width,  If  inches;  thickness,  |  inch. 

12 


V 


(9)  Felsitic  rock:  Width,  greatest,  1^  inches;  thickness,  i  inch. 

(10)  Slate,  black:  Width,  finch;  thickness,  |  inch. 

(11)  Felsitic  rock:  Width,  gr.,  J  inch;  thickness,  /j;  inch. 

(12)  Quartz:  Width,  1^^'  ineh;  thickness,  i^^-  inch. 

(13)  Felsitic  rock:  Width,  gr.,  ^  inch;  thickness,  I  inch. 

The  specimens  selected  for  illustration  are  samples  of  the  best  wrought 
,rrow-heads,  showing  variety  in  shape.  They  are  far  superior  in  work- 
iianship  to  th^  average  arrow-head.  Before  one  such  fine  specimen 
an  be  picked  up  a  dozen  or  more  primitive  ones  will  be  found. 

The  minerals  of  which  they  are  made  are  limestone,  slate,  c^\ax\;L\^^ 
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orditiary  wbit«quartz,  a  felsitic  rock, Jasper,  agat«,  and  cbert.  Thefii«t 
four  of  tbese  substances  occur  within  the  i-egioD ;  the  others  do  not. 
Were  the  arrow-heads  of  the  other  materials  made  here,  or  Tcre  they 
brought  here  already  made  from  elsewhere?  We  shall  refer  to  that 
question  under  the  head  of  "  Stoneworkers'  Chips." 


(It;  FelHitic  rock,  fcrnj':  Length,  Hi  inclies;  wiiUli.  Ij  iDchna;  thicknew).  j  inch, 
(l.i)  Pelfliticrock,  ){riiy:  LeiijttL,  'Ji  iiwhes;  width,  greatrsi.  |  in.;  thickni-BS,  i  io. 
(16)  Folsitii;  rnrk,  Kraj :  Len^'b.:!!  incbes;  vi<lth,  If  invbcH;  tbioknesn,  |  tncli. 


(18)  FelBiticronk:  Length,  18  inolics;  tluckncss,  \i  inch;  widtb,  i  inch, 

(111)  (JuartK, milky:  Length,  IJ  inches;  width,  greatest,  |  inch;  thicknewi.  J intli> 

(20)  Chert:  Length,  IJ  inclics;  width,  j  inch;  thickness,  J  inch. 

(21)  Quart:;,  milky:  Length, ;  width,  I  inch;  tbiokness,  |  inch. 
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(22)  QiiarU,  milky;  Length,  Ij)  inolius;  widtb,  1  incli;  tliiukmMiH,  i  iiluli., 
<23)  Quurtz,  milky:  ].eii);th,  U  intliiw;  wiiltli,  1^  innhoH;  tbickncHS,  i  incl 

(24)  Folsitic  lot-fc,  gmy:  Letit'tli, ;  width,  1  iiic-li;  tliifVucHS,  i  iuch. 

(25)  Jasiiur:  Length,  If  inches;  width,  I  inch;  tliicktieax,  i  ini:li. 


{2ti)  FeUitic  rock,  gray:  Length.  H  inches;  widtb,  |  inch;  tbickncHH,  ^  iucb. 
(37)  JaHpor:  Lengtb,  IJ  iuclies;  width.  1^  iiicbuN;  IhicknesH.  j  inch. 

(28)  Foisitic  rock,  gray  L  T^ngth,  1)- incbca;  widih,  }  indi;  tliii-kneiMt,  i  iiu-li. 

(29)  Quartz,  red:  Length,  1}  inchun;  widtU,  g  inch ;  thickiiMH,  i  iacb, 


(30)  Folsitic  rock:  Length,  i  inch;  \HiUh,  £  inch;  tliickneHs,  i  inch. 

(31)  Quartz,  milky:  I^ugth,  finch;  widtb,  |  inch;  thickncsB,  ,'„  iucb. 

(32)  Quartz,  milky:  Length,  }  inch;  width,  i  inch;  thickuras,  i  inch. 

(33)  Quartz:  Lengtli,  j  iuch;  width,  ;j  inch;  tbickuess,  }  incb. 
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Knives. — Fig.  35  is  a  curved  and  somewhat  angular  piece  of  yellow 
and  re4  jasper.  Along  its  entire  concave  margin  is  a  serrated  cutting 
edge.  It  looks  as  though  it  had  been  originally  a  part  oi  some  larger 
implement  and  had  been  rudely  chipped  after  detachment  to  its  present 
shape. 

KNIVK8. — (H»lfBiZ0.) 


(34)  Felsitic  rock,  gray:  Length,  5  inches;  width,  1^  inches;  thickness,  |  inch. 

(35)  Jasper,  yellow:  Length,  3|- inches;  width,  -  inch;  thickness,  k  inch. 

(36)  Felsitic  rock,  gray :  Length,  2|  inches ;  width,  f  inch ;  thickness,  f  inch. 

(37)  Felsitic  rock,  gray  :  Thickness,  i  inch. 

The  base  of  Fig.  37  is  broad,  concave,  and  not  chipped.  The  rest  of 
its  margin  is  chipped  to  a  cutting  edge.  Fig.  36  is  a  liake  of  felsitic 
ro(;k  with  a  somewhat  blunt,  serrated  edge.  Fig.  34  has  been  chipi)ed 
to  a  remarkably  good  edge,  with  the  exception  of  the  basal  end  and  a 
small  flat  area  at  the  convex  margin.  By  placing  the  forefinger  on 
this  flat  surface  and  the  thumb  on  the  side  a  Arm  grip  can  be  had  which 
will  enable  one  to  make  excellent  use  of  the  entire  concii ve  edge.  This 
edge  is  decidedly  the  better  of  the  two.  We  have  nothing  else  from 
here  like  this  specimen,  but  a  knife  of  chert,  from  Ohio,  in  our  collec- 
tion resembles  it. 

Perforators. — One  of  these  perforators.  Fig.  41,  of  felsitic  rock  bears 
unmistakable  evidences  of  having  been  used  to  drill  holes.  The  point 
is  worn  smooth  and  more  or  less  even,  whilst  above  it,  on  both  sides,  the 
serrated  edges  are  sharp  and  angular.  Figs.  38  and  39  have  hroad 
bases  and  can  be  easily  and  firmly  held  between  the  thumb  and  finger. 
The  points  are  cylindrical  and  stout.  Figs.  40  and  42  might  have 
answered  very  well  for  several  purposes.    Their  shape  is  an  excellent 
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one  for  drilling  lioles,  yet  both  are  so  well  wrougbt  aB  to  suggest  tliat 
l>erli»ps  tliey  may  have  been  spear-  or  arrowheads.  The  five  iUustrated 
sire  the  only  whole  implements  of  the  kind  that  we  have  found  in  this 
rejpou.  \\>  occasionally  }>iek  np  pf>int8  that  are  (lylindrical,  but  can 
iiotof  t-ouraedetade  whether  they  belong  to  drilling  stones  or  not. 

pBKKuitATORS.— (Fntl  aize.) 


(38)  Quarts:  Length,  li   inolies;  width,  ^^ateHt,  1  iui'li;  tbickneiM,  i  inch. 

(39)  FeUitic  rock,  blue:  Leugtti. 2  Inchoa;  wiilth,  1  iiuli ;  thickneHH.  i  invlj. 

(40)  Felsitic  rock,  gre,^:  Ijuagtb,  'i  inc:iies;  width,  I  inch;  thickiiesH,  ]-  inch. 

(41)  Felsitic  rock,  blue:  Leugth  li  inches;  width,  \  inob;  thickneen,  ^  inrh. 

(42)  Feliiitic  rock,  gray:  Length,  IJ  inchi  width,  ,'j  inch;  thickuexB,  ^  inch, 

CeliM. — Figs.  43  and  44  are  so  mnch  alike  in  general  outline  as  tojn-stity 
the  opinion  that  both  were  desiguatetl  for  the  same  pnrpose.  Neither  is 
pecked  or  sharpened,  but  both  are  ehipped.  Fig.43i8inadeof  quartzite 
and  is  nidely  fashioned.  The  other,  of  slate,  ih  mtt<ih  more  symmiitrical. 
The  margins  of  both  are  very  blunt.  Kither  if  sharpened  would  ser\c 
vvery  purpose  for  which  Figs.  41  and  46  might  be  used,  and  hence  with- 
out upeculatiiig  ■A'i  to  what  they  were  iutended  for,  we  have  called  them 
chipped  celts.  Fig.  45",  of  slate,  is  chipped  and  sharpened  along  the 
l<(wer  margin.  Fig.  46*,  made  of  trap,  is  smooth  over  its  entire  surface, 
aud  posesses  a  moderately  sharj)  edge.  There  is  no  evidence  of  chip- 
ping or  pecking,  but  the  entire  surface  plainly  shows  that  it  was  worn 
lo  its  present  shape  by  rubbing.     Neaily  all  the  celts  from  the  Susque- 

•  In  rollection  of  Mr,  (leorge  Miller. 
H.  Mis.  114 36 
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hanna  are  chipped  and  pecked,  or  if  Binooth  are  simply  water-worn  stones 
that  have  been  sharpened.  The  fact  that  it  is  made  of  a  very  hard  and 
tough  rock  makes  it  all  the  more  difficult  to  understand  why  tbis 
celt  should  have  been  laboriously  rubbed  to  its  present  shape^  and 


43 


CELTS.     (Half  size.) 
cmpPED. 


u 


(43)  Felsitic  rock,  gray;  Length,  5  ins.;  width,  greatest,  2|  ins. ;  thickness^,   I 

(44)  Slate,  browu:  Length,  4f  inches;  width,  2}  inches;  thickoess,  finch. 


PECKKD,   OR   GROUND. 


45 


(45)  Slate:  Length,  4|  inches;  width,  1|  inches;  thickness,  finch. 

(46)  Trap:  Length,  3  inches;  width  1^  inches;  thickness,  |  inch. 

also  suggests  that  this  specimen  may  have  been  used  to  dig  in  ^"^ 
ground  and  that  the  striae  on  its  sui*face  may  have  resulted  from  soine 
8ucb  use. 
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». — Tbe  axes  iis  a  rule  are  t^iuall,  with  a  groove  extt'iidiiig  arouud 
one.  Moat  of  those  that  come  from  tlie  HiisquelDUiiia,  near  the 
1  of  the  Codonis,  where  numbers  are  fouDtl,  have  one  iiDgrooved 
Fully  three  out  of  every  four  are  thus  fassliioiied.    Moreover,  the 

ANKS.— (llu]f-Hb..',) 


Trap:    Length,  7i  inchen;    width,  greateBt,  4  incheB;    (hii'kneM,  S 
^tiiartzite:     Length,  S^incbes;  wiiltU, 3j^ iiiH. ;  thicknniH,  1  inch;  weight.Soz. 

'e  often  exteuds  obliquely  across  the  stone,  yet  I  have  not  seen  a 
e  ax  from  this  region  with  an  oblique  groove,  and  only  one  (in 
Mllection  of  Casper  Ijonke)  that  was  not  grooved  entiiely  around 
stone.  Now,  why  Hhonid  the  predoiniuating  tyjic  of  a  region  dis- 
only  about  ten  miles,  and  within  easy  access,  be  represented  here 
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by  but  a  single  specimen  ?  The  most  plausible  inference  is  that  the 
two  types  were  intended  for  different  purposes;  probably  the  axes 
found  here  were  carried  about  for  general  use,  whilst  the  heavier 
ones  form  the  Susquehanna,  often  differently  grooved,  as  stated,  were 
designed  for  some  special  use  as  boat-buikliiig.  One  of  the  axes, 
weighing  only  one  pound  (Fig.  47),  has  two  ])arallel  grooves  extending 
entirely  around.  Of  course,  it  is  hard  to  assign  the  reason  for  two 
grooves  in  such  a  light  stone,  when  other  axes  weighing  much  more, 
as  Fig.  48,  are  provided  with  only  one.  This  ax  is  slightly  battered  at 
the  back,  and  has  also  a  small  piece  out  of  one  end  of  the  moderately 
sharp  edge.  There  is  one  noticeable  difference  between  the  edge  of 
this  specimen  and  that  of  Fig.  48.  Fig.  47  bears  transverse  striae  on 
its  smooth  sides  near  the  edge,  which  evidently  were  m^ide  in  sharpen- 
ing it,  whilst  Fig.  48  is  marked  with  rather  coarse  longitudinal  striae. 
The  latter  looks  very  much  as  though  it  had  been  used  as  an  agricul- 
tural implement  and  had  been  scratched  through  such  use.  It  has  a 
blunt  edge,  and,  being  of  tough  and  hard  material  and  of  a  i)ointe(l 
shape,  would  have  made  a  good  digging  tool.  Fig.  49  is  made  of  quarU 
ite.  It  is  well  wrought,  and  with  the  exception  of  a  slightly  broken 
back,  is  without  a  flaw.  We  were  not  able  to  coUect  many  axes,  and 
we  do  not  know  of  more  than  14  from  the  region  in  question.  Of  these, 
the  illustrated  ones  are  the  best  specimens.  The  number  found  seems 
comparatively  large  when  the  circumstances  are  considered.  Axes, 
being  conspicuous  objects,  are  amongst  the  first  specimens  x)icked  nj). 
And  in  a  region  cultivated  for  more  than  a  hundred  years,  such  as 
this,  it  is  quite  probable  that  many  of  them  were  found  and  carried 
away.  Moreover,  it  is  the  custom  of  our  farmers  to  collect  the  stones 
from  the  fields  and  throw  them  into  low  and  waste  places.  Several 
of  the  axes  were  picked  up  in  the  public  road,  where  they  had  been 
thrown  into  mud  holes  along  with  other  stones  from  the  fields.  Along 
the  Susquehanna  it  is  not  an  unusual  thing  for  the  fishermen  to  use 
these  axes,  on  account  of  their  convenient  grooves,  as  sinkers  for  their 
fish  nets!  Of  course,  whenever  the  strings  with  which  they  are  tied 
break,  which  often  happens,  the  axes  will  be  left  amongst  the  water- 
worn  stones  at  the  bottom  of  the  river. 

Hammers. — Fig.  50  is  a  water-worn  and  smooth  sandstone.  It  has 
been  slightly  roughened  on  each  side,  near  the  center,  by  pecking.  The 
marginal  area  is  less  smooth  than  the  rest  of  the  surface,  having  been 
evidently  roughened,  but  not  battered  by  use.  The  evidences  of  its  use 
by  the  Indians,  whilst  unmistakable,  are  very  slight,  and  show  that 
this  particular  stone  was  selected  because  it  naturally  possessed  the 
desired  shape.  No  doubt  other  worn  pebbles  were  used  as  picked  np 
by  the  Indians;  at  any  rate,  we  occasionally  find  a  spherical  stone  with 
a  battered  margin  that  looks  exjictly  like  a  much-used  hammer,  only 
there  are  no  i>its  pecked  into  it. 
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Fig.  51  is  a  close-grained  sandstone,  and  was  both  liananer  and  polish- 
ing stone.  The  margin  is  quite  rough  and  indented  from  its  use  as  a 
liammer — a  use  also  indicated  by  the  presenj^*e  of  a  shaUow  pit  near  the 
center  of  one  side.  Almost  the  entire  surface  of  one  side,  the  one  shown 
in  the  illustration,  is  very  smooth.  It  bears  unmistakable  evidence  of 
having  been  so  worn  after  the  pit  had  been  pecked.     The  stone  is 

II AMMK  Rs.  — ( Half-size. ) 
50 


51 


(50)  Quartzite:  Length,  4^^  ins. ;  width,  3|  ins. ;  thickuess,  1}  ins. ;  weight,  1^  lbs. 
(51;  Quartzite:  Length,  3^^  ins. ;  thirkness,  2  ins. ;  width,  3^^  ins. ;  weight,  1^  lbs. 
(52)  Sandstone :     Length,  2^  ins. ;  width,  li  ins. ;  thickness,  li  ins. ;  weight,  i  lb. 

hemispherical,  and  when  held  in  the  hand  is  found  to  be  well  adapted 
for  polishing  purposes — a  use  also  likely  to  have  been  suggested  by  the 
grit  of  the  stone.  It  is  a  type  common  along  the  Susquehanna.  Very 
few  hammers  have  been  collected  in  this  region. 

Fig.  62  is  a  water-worn  oval  pebble  somewhat  battered  at  one  end. 
Very  rough  notches  have  been  pecked  into  the  opposite  sides  to  provide 
for  the  attachment  of  a  handle,  incident  to  some  subsequent  use  of 
the  stone.  It  was  found  half  a  mile  from  the  Codorus,  near  a  s])ring, 
in  a  field  plentifully  strewn  with  <'chii)s."  Was  it  a  *<pogga-moggon" 
stone  t 
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Pestles. — Even  fragments  of  pestles  are  scarce.  1  know  of  only  one, 
Fig.  53,  that  has  been  found  whole.  It  may  not  be  out  of  place  to  state 
here  the  origin  of  such  specimens,  as  given  by  one  not  accustomed  to 
collect  relics.  A  very  smooth  and  cylindrical  section,  about  two  inches 
long,  of  a  pestle  was  shown  to  a  farmer,  near  whose  house  it  had  been 
found.    He  immediately  i)ronounced  it  a  thunderbolt! 

PESTLK.     (One-sixth  size.) 
&3 


(53)  Qnartzite:  Length,  15  inches;  thickness,  2  inches. 

Pottery. — We  found  a  few  fragments  of  pottery  in  four  widely  sepai'ated 
localities.  In  two  of  these  localities  pieces  of  soapstone,  parts  of  dishes, 
were  also  picked  up.  The  pieces  of  pottery,  made  out  of  clay  and 
broken  pebbles,  mateiials  easily  obtained  here,  are  similar  to  pieces 
from  the  Susquehanna.  The  impressions  are  evidently  of  two  kinds, 
those  made  by  a  stylus  of  some  sort  in  the  hands  of  the  ancient  potter 
and  those  which  resulted  from  the  structural  irregularities  of  some 
receptacle  within  w^hich  the  plastic  clay  was  first  shaped. 

POTTERY,  SOAPSTONE  DISH.      (Half-size) 

57 


66 


U 


•  %•  < 


(54)  Pottery  I^agments:  Thickness,  vV  inch. 

(55)  Pottery  Fragment:  Thickness,  i  inch. 

(56)  Pottery  Fragment:  Thickness.  Jl  inch. 

(57)  Soapstone  Dish:  Thickness,  |  inch. 

Soapstone  dishes — Fragments  of  soapstone  dishes  were  collected  in 
four  or  five  separate  localities.  The  "ear"  piece  illustrated  is  one  of 
eight  pieces  found  near  together  and  evidently  all  parts  of  the  same 
vessel.  The  largest  of  these  fragments  is  six  inches  long  and  eight 
inches  wide.  The  dish  originally  must  have  been  a  foot  in  length  and 
nearly  as  broad;  with  a  depth  of  five  or  six  inches.    Soapstone  is  not 
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foQiid  tn  situ  in  this  locality)  bnt  it  occurs  plentiflilly  in  the  adjacent 
county  of  Harford,  in  the  State  of  Maryland. 

Implemetttn  of  unknown  ttnea. — Fig.  59  has  been  broken  so  that  Ite 
oi-igiiial  form  is  a  matter  of  conjecture.  However,  it  is  so  strikingly 
like  another  strange  specimen  (Fig.  58]  fitHn  the  Susquehanna,  which 
is  entire,  that  we  have  no  hesitancy  in  concluding  that  both  were 
designed  for  tlie  same  purpose  Both  are  made  out  of  chlorite,  and  are 
not  in  the  least  batteied  The>  could  not  have  beeu  used  as  weapons 
or  as  agruultural  impltmeuts  sinct  the  stone  is  very  brittle  and  is 
moreover  ho  bolt  as  to  bt  easily  scratched  with  the  flnger-nail.  These 
are  the  only  (,periiiien-<  of  this  shape,  or  of  chlorite,  that  I  have  ever 
seen  from  tbis  or  a«^a<eiit  localities.  We  think  they  were  probably 
Qsed  as  ceremonml  implements 


IMPLBMtNTS 


Figs,  ao,  61,  «2,  and  63,  are  pieces  of  slate.  The  holes  in  all 
of  them  were,  apparently,  made  with  stone  drills,  since  they  are  irreg- 
nlarly  grooved  and  taper  towards  the  center  of  the  stone  from  both 
sides.  These  pieces  are  so  fragmentary  as  to  prevent  any  attempt  at 
restoration.  Ko.  60  is  worn  quite  smooth,  with  rounded  edges,  and  has 
a  slight  polished  depression  extending  a  short  distance  from  the  inner 
margin  of  each  bole  along  the  surface  of  the  stone.  This  polished 
gurfoee  was  doubtless  produced  by  a  cord  passing  through  both 
holes,  from  which  the  slate  was  suspended.  The  holes  in  Fig.  61  ai-e 
polished,  the  result  of  friction. 

llgs.  64  and  65  are  both  well  wiought  implements.  From  the  care 
with  which  they  have  been  finished  they  were  evidently  designed  for 
some  special  use.  They  are  the  only  specimens  of  ttie  kind  that  we 
know  of  from  tliit  locality.     Tliey  might  have  been  nscd  as  teeth  in 
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war  clubs,  but  wlietlier  they  were  so  used  or  not  is  of  course  mere 
speculation.  Among  our  implements  of  unknown  uses,  perhaps  the 
most  interesting  and  valuable  one  is  Fig.  6G.  So  far  as  I  have  been 
able  to  ascertain,  it  is  the  only  one  that  has  thus  far  been  found.  It 
is  a  triangular  prism  of  slate,  with  sides  three  fourths  of  an  inch  wide, 

IMPLEMENTS  OF  UNKNOWN   USES. — (HaU-slze.) 

60  61  e:i 


64 


(60)  Slate,  black :    Witltb,  2f  inches;  thickness,  i  inch. 
v61)  Slate-,  brown  :    Thickness,  i  inch. 

(62)  Slate:    Thickness,  A  inch. 

(63)  Slate:     (Split). 

65  66 


r 


(••«-'•* 


(64)  Felsi  tic  rock:  Length,  2|  inches;  width,  greatest,  1^  inches;  thickness,  finch. 

(65)  Felsiticrock:  Length,  3^-  inches;  width, greatest,  l^  inches;  thickness, | inch. 

(66)  Slate,  brown  :     Width  of  each  side,  |  inches. 

origiuall}'^  about  5  inches  long,  and  having  at  each  end  two  holes  that 
meet.  The  one  hohi  is  bored  with  a  slant  of  about  45  degrees  (see 
section  a)  fi-om  near  the  end  of  one  side  till  its  junction  with  a  hole 
bored  from  the  end  of  the  prism.  The  other  end  of  the  specimen, 
though  much  broken,  was  evidently  fashioned  in  the  same  way.  The 
holes  are  funnel-shaped  and  are  such  as  would  be  i)rodnced  by  a  stone 
drill.  Two  sides  of  the  prism  bear  symmetrical  scratches,  evidently 
once  of  some  significance,  now  in  part  defaced  by  wear  and  in  part  by 
the  ancient  use  of  the  stone  for  whetting  purposes. 
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Jr.  (!7  is  a  gtieissoid  rock,  very  rudely  flaked  and  somewhat  peckod. 
H  han!  to  conjecture  to  what  use  it  may  liav«  been  put,  tliougli 
•e  in  iio  question  about  its  liiiving  been  worked  into  its  present 
pe.  Fig.  68  is  loade  of  green  alaU:  It  is  eitber  an  unfinished 
leiuent,  or  if  completed,  a  very  rudely  faaliioiied  one.  The  fact 
b  it  is  made  of  slate,  as  well  as  its  shape,  incline  us  to  call  it  a 
ner  stone. 

IMPl.KMF.NT.t  OP   UNKNOWN   TBI'.— (Hftlf  BiKe.  I 


(67)  Slate:    LeuKtIi.  Ti 

(68)  Slato:     Ltiigtli,  6i 


ii'bes;  thirkneiM,  1  ioch. 
icIiub;  thickneKS,  1|  iDrhflS. 


tone  Worker's  Chtpx. — Flakes  of  felsite  lock,  of  jasper,  and  of  agate, 
found  well  distributed  along  the  Codorus  and  its  tributary  runs, 
fact  that  the  rocks  of  which  these  flakes  are  pieces  are  not  natu- 
y  found  here  is  very  Hignifieant.  The  presence  of  these  "chips" 
ves  that  implements  were  here  wrought  out  of  the  rough  stone  int« 
irable  shapes.  But  tliese  minerals,  felsite  rock,  Jasper,  and  agat«, 
not  found  in  kUu  in  this  region.  The  felsite  rock  occurs  fully  thirty 
i»  distant,  in  the  South  Mountain.  Where  the  agate  and  jasper 
e  brought  from  has  not  been  determined.  Occasionally  flakes  of 
te  quart/,  cover  a  small  area  in  a  field  containing  in  another  part  a 
t  rich  in  flakes  of  felsitic  rock.  The  presencu  of  such  spots  seems 
ndicate  that  each  ancient  stone-worker  confined  his  labors  t«  ehip- 
e;  a  particular  mineral. 

'onclimion. — Just  what  conclusions  as  to  the  Indian  occupation  of 
)  part  of  York  county  cati  safety  hi-,  drawn  trom  the  inimber  and 
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variety  of  specimeus  foiiud  is  uot  so  easily  determined.    Oue  thing  is 
certain*  that  as  the  resalt  of  persistent  search,  almost  a  complete 
"  series''  of  relics  has  been  collected.    Though  the  author  found  Dearly 
all  the  objects  here  illustrated  and  described,  yet  any  one  else,  had  be 
as  thoroughly  and  persistently  searched  the  same  region,  would  have 
been  equally  successful.  This  is  proved  by  the  fact  that  several  otheni; 
(Casper  Loucks,  George  Miller,  and  John  J.  Frick)  interested  in  the 
subject  have  found  specimens  in  the  same  territory.    The  discoveries 
here  made  lead  us  to  infer  that  other  places,  in  the  eastern  portion  of 
the  United  States,  now  thickly  settled,  would  be  just  as  productive 
of  specimens.    We  do  not  believe  that  this  region  is  more  favorable 
to  the  production  of  relics  than  other  localities  similar  in  natural 
features.    Attention  is  called  to  a  few  difficulties  that  beset  the  care- 
ful searcher.    Fields  that  now  yield  few  relics  may  have  them  deeper 
down.     The  building  of  dams  has  materially  changed  our  streams. 
Places  that  once  were  high  and  dry  on  the  bank  are  now  covered  by 
every  freshet.    As  a  consequence,  the  sediment  has  accumulated,  and 
the  relics  have  been  buried  beyond  the  reach  of  the  plow.    Occasionally 
a  field  is  washed  bare  of  all  the  loose  soil.     In  that  event,  you  can  not 
reasonably  conclude  that  the  number  and  variety  of  specimens  found 
there  indicate  a  more  dense  settlement  than  elsewhere.    Taking  these 
and  other  circumstances  into  consideration,  in-  connection  with  the 
relics  found,  the  author  believes  that  this  region  was  oftener  frequented, 
and  longer  occupied,  by  larger  bands  of  Indians  than  the  historian 
leads  us  to  infer.    This  place  may  have  been  the  site  of  a  well  estab- 
lished settlement  j  a  settlement  in  which  much  the  same  primitive  occu- 
pations were  engaged  in  as  characterized  well-known  and  more  exten- 
sive settlements  along  the  Susquehanna.     If  this  region  is  an  average 
sample  of  supposed  "  barren ''  lands,  may  we  not  conclude  that  America 
was  more  thickly  settled,  or  longer  inhabited  (perhaps  both),  by  the 
Indian  than  is  generally  supposed  ? 
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These  mounds,  three  in  number,  are,  or  were,  located  about  4  miles 
east  of  Tiffin  (NE.  J  of  section  4,  township  1  north,  range  15  east, 
Eden  Township,  Seneca  County,  Ohio,  and  on  the  west  side  of  the 
Morrison  State  road  where  it  crosses  Rock  Creek).     (Map,  Fig.  1.) 

Concerning  their  origin,  the  Mohawk  •  Indians  then  inhabiting  that 
section  could  give  the  settlers  no  information.  The  Indians  had  no 
theory  or  tradition  acccmnting  for  the  presence  of  the  landmarks. 
Large  forest  trees  covered  these  monuments  then,  and  among  them 
were  cherry  trees  20  inches  in  diameter.  Before  the  cultivation  of  the 
soil  after  the  removal  of  the  forest  had 
altered  the  [iroportions  of  the  mounds, 
they  w^ere  well  rounded,  and  the  largest 
was  perhai)s  6  feet  or  more  in  height  and 
about  40  feet  in  diameter.  Two,  the 
largest  and  the  smallest,  were  near  each 
other  on  the  south  side  of  the  stream. 
(See  map.)  The  former  was  slightly 
less  than  an  eighth  of  a  mile  from  the 
bank,  and  the  smaller  one  about  half 
that  distance.  The  third  was  on  the  other  side,  about  as  far  as  the  lat- 
ter from  the  creek  and  a  third  of  a  mile  from  the  largest.  It  was  but  a 
short  way  beyond  the  culmination  of  a  gentle  rise  of  about  25  feet  above 
the  creek  valley.  The  banks  on  the  south  side  were  rather  stijep  and  30 
to  40  feet  high.  The  large  mound  was  located  on  the  rounded  border 
of  an  elongated  depression  tributary  to  the  creek. 

The  mound  on  the  north  side  of  the  creek  was  crossed  by  the  fence 
dividing  the  road  from  a  modern  graveyard,  and  when  a  grading  was 
made,  not  long  prior  to  1880,  for  the  convenience  of  standing  teams 
driven  to  the  church,  human  remains  were  unearthed  on  the  roadside 
of  the  fence.     The  other  half  probably  still  remains  intact. 

In  1886,  the  ground  over  the  site  of  the  smallest  mound  was  on  a 

■  The  Seuecas  inhabited  the  region  to  the  north  and  the  Wyiindots  that  to  the 
South. 
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level  with  the  general  surface.  It  was  tentatively  excavated  by  one 
who  bad  seeii  it  before  beiug  plowed  down  unA  a  sntall  (jxcavatiuu, 
made  in  search  of  the  charcoal  aud  aiibes,  whose  presence  woidd  con 
firm  the  hypothesis  of  position,  discovered  human  remains.  These 
however  had  been  once  exhnmed  and  wore  i-einteri-ed  in  a  confused 
heap.  They  were  preserved  by  the  writer,  but  no  further  search  was 
made  then.  It  was  at  the  largest  of  the  mounds,  and  the  one  least  dis- 
turbed, that  the  systeniutic,  though  partial  exploration  was  nnder- 
takeii.  This  was  in  the  summer  of  1386,  and  then  the  mound  was 
hardly,  if  any,  more  tbun  4  feet  above  the  general  surface,  aod  60  feel 
in  diameter.  (Fig.  2.)  Hurried  excavations  bnmght  to  light  tie 
charcoal  and  ashes,  clean  shells,  broken  bones  of  animals,  and  brokeo 
pieces  of  primitive  dark  pottery.  Another  unorderly  opening  resultel 
in  the  discovery  of  the  two  smaller  human  skeletons,  but  they  were 
not  secured  entire.  The  skull  of  one  of  these  "individuals"  probably 
remains  in  the  mound.* 


Human  remains  were  found  in  all  of  these.  The  largest  mound  con- 
tained three  skeletons  (Fig.  3)  that  were  uncovered,  and  a  complete 
excavation  might  be  expected  to  reveal  more. 

Feasting  accompanied  tbe  interment.  Fires  were  built  on  the  un- 
completed funeral  pile,  with  which  meats  were  cooked.  Good  sizvA 
pottery  vessels  were  brought  to  tlie  grave,  probably  for  use  in  the 
feasting,  and  at  least  some  of  them  were  either  a^'cidentally  orinteu- 
tionally  demolished  and  the  fVagnients  scattered  with  the  ashes 
aud  charcoal  and  broken  bones  of  animals  over  the  InUf-built  monnd. 
The  fires  were  probably  burning  during  the  burial.  The  feasters  en- 
joyed tlie  meat  of  the  deer,  beaver,  raccoon,  squirrel,  hai-o  (I),  turtle, 
birds,  flsb,  and  clam.  The  marrow  was  a  much  relislied  jmrtion  of  tbe 
meat;  every  bone  was  broken  so  that  the  marrow  was  uncovered.  The 
need  of  something  with  whi<'b  to  ai'complish  this  breaking  may  account 
for  the  presence  of  mo<lt'riite  sized  limestone  bowlders  a  few  feet  apart 


■  This  dencriptiou  well  illuHtruteH  tho  detrimodt  anil  Bometimts  irreparable  il»"- 
age  U>  Hciciiru  ariHing  fruin  ill-iiifnrmeil  npeuing  ot  monads.  A  mound  onc(  <li<- 
tnrbed  is  vnlnelem  to  Bi'ience.  Its  evidence  as  to  tlio  life  history  of  its  i--onsttiitWB 
is  destroyed.  Circular  43.  issued  liy  the  SraitliKruiian  IiistitatioD,  No.  730,  eiplw" 
tilia  aad  contains  directions  fur  moaud  aud  cave  explorations. 
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among  the  ashes  and  other  stones  of  the  size  of  a  list  in  jajreat  abuu- 
claDce. 

A  foot  or  two  of  earth  was  spread  over  all  this  charcoal  and  ash 
layer.  Tlie  soil  of  the  structure  was  even,  light,  and  easily  worked. 
The  hard  unmolested  clay  was  4  feet  or  so  below  the  top,  as  the 
mound  existed  after  the  field  had  been  under  modern  cultivation.  A 
slight  excavation  wa«  made  in  this  hard  soil  to  receive  the  remains. 


^ 


K_ 


Fii».  '.i.— Excavatioiifl  of  larjiftst-mound.    (S<h»  map.) 
About  (M)  foet  in  diaiiu;tor,  4^  in  height. 

The  heiulfci  were  laid  to  the  northeast  and  the  bodies  fiat  and  straight 
on  their  ba<3ks,  at  least  so  with  the  largest  and  what  may  be  called  the 
principal  skeleton.  This  body  lay  fnrthest  U)  the  northwest  and  a 
few  stei>s  from  the  center.  Nothin*^  whatever  of  a  durable  nature  in- 
closed  the  remains.  A  few  pieces  of  charcoal  were  found  under  the 
iKuies  of  the  principal  corps<^  These,  an  elegant  i)ii)e  (Fig.  4),  and  a 
few  canine  jaw^  fragments  and  fragments  of  the  jaws  of  some  small 
carnivorous  animal,  were  the  only  objects  found  with  the  skeleton.  A 
bone  turkey  call,  3  inches  long,  and  artificially  grooved  on  both  sides 
at  the  end,  was  found  on  the  ground  about  one  of  the  skeletons.  The 
Jaw  fragments  were  laying  beside  the  right  shoulder;  the  pipe  was  on 
the  same  side  next  to  the  neck  vertebne.  The  condition  of  the  bones 
of  the  princii)al  individual  gave  no  evidence  of  violence  having  be<jn 
inflicted  upon  his  body. 

At  the  time  of  the  excavations,  the  charcoal  layer  was  met  from  a 
foot  or  two  feet  beneath  the  surfat'c.    The  fragments  of  animal  bones 
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nntl  pottery  vinte  sciLtteied  jiruiiiiKciiuiiMly,  witti  ttiu  ashes  and  char- 
<!oal  patches,  ttin)ii^li  a  verticjil  range  of  iiioii;  than  a  foot.  The  lUne- 
Ktoue  bowlders  were  about  6  inches  in  diameter,  and  lay  with  a  rude 
iinilorinity  a  few  feet  apart  througliont  the  layer.  The  luidetlyiug 
rock  of  the  Kex.-tion  is  limestone  (cornstoiie),  the  boundary  between  the 
outcrop  of  tbia  and  the  water  line  is  near,  and  the  southwestwani 
moving  glaciers  have  made  this  element  strong  in  the  drift  productiiof 
the  country. 
In  the  ehareiiiil  layer  the  most  numerous  bu lies  were  thoHeofthe 

"  deei'.     A  good  number  of   only    pitrtiall; 

broken  lower  jaws  were  fonnd,  and  a  few 
deciiyed  horn    fragments.     Several    speti- 
/"      ^\        \       mens  of  fragmentary  beaver  skulls,  retaio- 
(  (         '       iiig  the  teeth,  and  a  few  raeeoon  jaws,  are 

in  the  eolleetion,  but  son)eof  theelam  shells 
were  not  broken;  these  showed  the  effeitof 


w) 


elletl  mound  "  and  tlw 
Khowu  by  the  re 
east  of  the  latter  wen- 


flaking  execption  of  the  two  small  |N>t- 
lery pipes  unearthed  from  the ehareiial  layer, 
no  entire  spceimens  of  pottery  were  discov- 
ered.   The  pottery  was  rude,  blackish,  and 
gritty.     -Minute  feldspar  crystals    formed 
part  of  the   uuiterial.     The  surfaces  were 
roughened  by  per|R'udieuIar  stria  tions  whirl 
could  be  innigined  to  have  been  impresMil 
by  Itark.     Ily  iirojeeting  the  curve  of  one  of 
the  vim  IVaguicnts,  the  opening  of  the  jar  of 
which  it  was  once  a  jiart,  was  Ibnndtoliave 
been  -S  inches  in  diameter.     A  dark  bhiisli 
or  greenish  shitc,  hard,  t^uigli,  and  Hue,  «3s 
the  material  of  which  the  huge  pipe,  burieii 
with  the  largest  skeleton,  wa.'«  made  ( Fig-  Ji- 
lt is  tlie  Siiiiu-  stone  as  that  from  wLicli 
most  of  the  line  mound  ornaments  wei'ectit. 
Eriwion  revealed  a  kind  of  enamel,  perhaps 
due  to  ehemical  action  <m  the  surface.    Tlif 
erosion  occurred  where  the  stone  hadhcen 
fitiiined.presumablyby  the  acids  of  the  (lead 
body.    The  tini.sh  was  excellent.    Tliefonii 
might  suggest  that  the  maker  had  tiiteuilc' 
the  relic  for  a  phallic  emblem.    The  \aitf  is 
:i'^  inches  iu  length.     Little  differeiiceiD  niw 
between  the  individual  interred  iu  the '-Ifi' 
prnicipal  male  buried  in  the  large  mouii'l  »<'' 
,    The  boiH's  of  the  two  skeletons  to  Ihe  sdhIIi 
penreptibly  lighter. 
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These  bones  were  found  in  the  center  and  a  httle  more  than  4  feet 
below  the  top,  Not  satisfied  with  this  method  of  i)roceedin8',  the 
writer  himself  soon  after  spent  three  days  in  the  field.  A  narrow 
trench  was  made  to  approach  the  mound  until  the  charcoal  was  reached, 
and  then  with  a  width  of  3  feet  was  extended  to  the  (*enter  (Fig.  3). 
After  the  earth  had  been  carefully  removed  from  over  the  body,  an 
entire  afternoon  was  occupied  in  picking  out  the  bones.  Their  condition 
was  such  that  even  then  a  number  were  broken.  The  occiput  fell 
apart  when  the  skull  was  lifted.  The  lines  of  fracture  indicated  a 
receut  breaking. 
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By  Col.  Wm.  S.  Bbackett. 


i  you  look  on  almost  any  large  map  of  Montana  and  Wyoming  yon 
I  note  the  source  of  the  Yellowstone  River  near  a  mountain  marked 
the  map  as  ^'Youth's  Peak,''  and  lying  about  25  mileis  southeast  of 

Yellowstone  National  Park.  The  river  flows  from  an  immense 
w-field  on  this  mountain,  In  a  northwesterly  direction,  and  empties 
3  Yellowstone  Lake,  which  lies  wholly  Avithin  the  park;  then  it 
F8  out  of  the  lake  at  the  lower  or  northern  end  and  leaping  down- 
:*d  a  sheer  depth  of  360  feet,  over  the  Great  Falls  of  the  river,  it 
lies  still  northward  for  a  hundred  miles — one  of  the  most  beautiful 
i{*ms  of  the  Rocky  Mountains.    The  real  name  of  the  mountain  where 

Yellowstone  rises  is  Yount's  Peak,  so  called  after  a  trapper  who 
^d  for  a  long  time  along  the  banks  of  the  ilver  in  the  early  days  of 
■  itana's  setftlemeait.  Perhaps  the  fine  new  ma])S  of  this  region  now 
iig  made  by  the  United  States  Geological  Survey  will  not  rob 
uiit's  Peak  of  its  true  name. 

^bout  25  miles  north  of  the  park  is  a  widening  of  the  valley  of  the 
llowstone,  where  there  are  a  number  of  fine  ranches,  and  on  one  of 
jin,  opposite  Emigrant  Peak,  where  I  am  writing,  there  are  interest- 
:  remains  left  by  the  Indians  who  lived  and  hunted  in  this  now  fertile 
ley  as  late  as  tli^e  year  1870. 

^nst  above  our  ranch  house  is  a  mesa,  or  tableland,  from  whose  fiat 
'  can  be  seen  the  green  fields  under  irrigation  along  the  river,  and 

lofty  mountains  hemming  in  the  valley  on  every  side.  Only  ten 
^•8  ago  there  were  no  cultivated  fields  in  this  valley,  and  the  elks 
^  buffaloes  fimnd  here  their  favorite  feeding  ground.  The  plain  on 
*  iDesa  is  almost  rectangular  in  shape,  and  at  the  corner,  overl(K)k- 

the  whole  region,  are  stone  structures  that  we  have  named  the 
^<lian  Ports."-  We  do  not  know  whetherthe  Indians,  who  undoubtedly 
U  them,  used  them  as  forts  for  defending  their  village  or  camp  uj) 
the  mesa,  or  whether  they  were  used  as  watchtowers  for  their  seri- 
als. Sometimes  we  think  the  Indian  hunters  used  them  to  creep 
^  and  to  spy  out  the  large  game  feeding  among  the  hills  and  in  the 
ley  below.       *  ♦ 

prom  The  American  Field,  Feb.  11,  1893,  vp|.  xxxix  (No.  vi.),  pp.  1^7,  128. 
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These  forts  Are  semicircular  iD  form,  and  are  built  of  selected  square 
stones,  piled  up  la  a  parapet  or  breastwork  about  four  feet  in  lieiglit. 
Tbey  are  o|>en  on  the  inner  side  of  tlie  plateau,  and  liave  space  for  two 
or  tbree  men  to  lie  concealed  and  protected  witbin.  The  forts  must 
have  been  built  many  years  ago  bw^ause  tbe  stones  are  now  pretty  well 
covered  with  moss  and  lichens,  aud  these  do  not  grow  as  rapidly  Id 
this  dry  climate  as  in  the  Eastern  States.  No  one  is  |>erni>tt«d  to  iit 
tnrb  these  monuments  of  a  race  now  almost  departed,  and  I  hope  tbal 
some  careful  student  of  American  archieology  may  hereafter  explore 
tills  regiou  and  explain  the  ancient  use  of  these  so-called  "Indian 
Forts." 


Just  below  one  of  the  forts  and  at  the  bottom  of  the  cliff  I  foiuid,  last 
sunnner,  a  bulfalo  skull  and  horns,  ovej-grown  and  almost  coucealed  by 
a  wild  mscbush.  Perhaps  the  butt'alo  was  shot  by  an  Indian  lyiugin 
the  fort  above.  This  ma<le  me  think  the  torts  might  have  been  ns«d 
for  watching  large  giune.  But  when  you  are  up  on  the  mesa  yon  can 
easily  see  how  well  tulaptcd  the  place  is  to  prev«nt  surprise  and  for 
military  defense.  The  sides  are  iierpuDdicular  precipices  of  valcauk 
HHik.  Atonly  one  pliice  can  you  go  up  on  horseback;  there  are  nnly 
two  or  three  pla<-68  where  you  can  climb  up  on  foot;  On  the  level  top 
a  thousand  men  cMiuld  be  iilaced  iu  camp.  The  forts  may  have,  been 
used,  like  watchtowers  on  the  corners  of  a  feudal  castle,  by  the  wiid 
chivalry  once  inhabitiug  these  mountiiins. 

Atx)ut  half  a  mile  from  this  mesa  is  a  little  sheltered  valley,  back  in 
the  foothills,  where  tbe  Indians  used  to  pass  the  winter  one  of  tli» 
[lioneers  of  this  region  t«lls  me.  The  place  is  sheltered  from  the  wiuds 
and  the  snow  seldom  drifts  there.  In  a  level  spot  in  this  valley  arc 
three  cii-cles  of  smooth  flat  stones  laid  on  the  ground,  each  circle  being 
about  15  leet  in  diameter.  Washed  by  the  rains  of  many  seasoiWi 
these  stones  are  now  partl.v  imbeddetl  iu  the  ground.  We  do  not  kniiT 
exactly  the  purpose  of  these  water- worn  rocks  laid  so  reguhirly  in  ''ir- 
cles,  but  one  of  oui'  iielghlwrs,  au  "old  timer"  tu  Montana,  tells  us  tbe 
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Indiaiis  used  them  io  winter  to  lay  around  the  bottom  or  lower  edge  of 
their  tepees  to  keep  out  the  cold.  Mo.st  Indian  tepees  are  conical  in 
shape  and  circular  at  the  bottom,  with  a  hole  at  the  top  where  the  poles 
meet  for  the  escape  of  smoke  from  the  Are  built  iu  the  centei*  of  the 
structure.  In  the  old  days,  when  the  bullalo  and  other  large  game 
were  plenty,  the  Indiana  made  their  t^tpecs  of  »uioke-taDned  hides. 
Now  the  bnfl'aloes  are  entirely  gone,  and  other  large  game  is  so  scarce 
CD  the  Indian  reservations  that  the  tepees  are  covered  with  cloth,  gen- 
erally tbiD  white  calico.  The  Indiaus  have  but  few  skins  left  and  their 
calico  tepees  are  very  cold  in  winter. 


Fig,  Z.— Teper  rJDgi.  Park  Ci 


The  most  interesting  of  the  Indian  remains  on  our  ranch  is  at  Buf- 
falo Blnfl',  where  there  is  a  remarkable  game  drive.  t7nder  the  clifl', 
which  is  about  40  feet  high,  the  ground  is  white  with  the  splintere^l 
bones  of  large  game  animals  that  have  been  driven  over  the  precipice — 
bnffaloes,  elks,  and  deer.  Above  is  a  level  plain  stretching  back  for 
several  miles  into  the  foothills.  The  cliff  is  only  about  a  hundred 
yanls  wide  at  the  steep  part  where  the  game  was  driven  over.  How 
did  they  manage  to  make  wild  aniimils  run  to  this  narrow  cliff  and 
leap  overt  You  can  see  at  once  how  this  was  accomplished  when  you 
climb  to  the  plain  above.  There  can  be  s**eii  two  long  lines,  composed 
of  piles  of  stoues,  stretching  out  on  the  plains,  esiich  line  aljout  half  a 
mile  long  and  diverging  from  the  edge  of  the  cliff  like  the  two  arms 
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of  an  open  fan.  The  piles  of  stones  are  about  10  feet  apart  and  each 
stone  heap  is  2  or  3  feet  in  height.  When  the  Indians  last  used 
this  game  drive,  which  was  about  fifteen  years  ago,  they  set  up  wooden 
stakes  about  4  feet  long  in  each  stone  pile.  From  stake  to  stake 
were  stretched  lines  of  stout  buckskin  cord,  like  vnres  on  a  barbed 


Fig.  3 — Ancient  game  drive  in  Park  County,  Mont. 

wire  fence,  and  from  these  cords  were  hung  at  short  intervals  feathers, 
strips  of  bright  cloth,  and  scraps  of  white  buckskin,  fluttering  iu  the 
wind.  Of  course  this  fence  could  be  easily  broken  through,  but  the 
frightened  animals  always  turned  back  from  the  fluttering  rags, 
feathers,  and  other  objects  hanging  from  the  long  lines  of  cords. 
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A  heard  of  buffalos  or  deer  was  carefully  surrounded  by  the  Indian 
hunters,  and  then  gradually  driven  toward  the  opening  of  the  drive, 
which  was  over  half  a  mile  wide.  Once  within  these  lines,  the  hunt- 
ers drove  the  herd  toward  the  bluff,  waving  their  blankets  as  they  rode 
forward.  The  terror-stricken  animals  rushed  toward  the  precipice, 
keeping  away  and  turning  back  in  fright  from  the  lines  of  "fence," 
which  gradually  converged  toward  the  cliff.  At  last,  in  a  wild  stam- 
X>ede,  the  frantic  animals  were  driven  over  the  edge  of  the  precipice, 
where  those  who  were  not  killed  outright  were  dispatched  by  another 
party  of  hunters  below.  Only  spears  and  arrows  were  used  below  the 
cliff,  because  the  noise  of  firearms  would  frighten  back  the  animals 
approaching  the  edge  of  the  bluff.  Among  the  mass  of  crumbling 
white  bones  beneath  this  Buffialo  Bluff  (as  it  is  called  here),  where  so 
many  wild  animals  have  been  slaughtered,  you  can  to-day  occasion- 
ally find  spear  and  arrow  heads,  beautifully  formed  of  shining  black 
obsidian,  or  volcanic  glass,  the  material  being  found  in  large  quanti- 
ties on  the  great  plateau  of  the  Yellowstone  National  Park. 
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By  Levi  L,  Conant,  Vh.  T> 


Qong  the  8X)ecu]ative  questions  which  arise  in  connection  with  the 
f  of  mathematics  from  a  historical  standpoint  the  origin  of  num- 
i  one  that  has  provoked  much  discussion  and  has  led  to  extensive 
reh  among  the  primitive  and  savage  languages  of  the  human  race. 
w  simple  considerations  will  however  show  that  such  research 
necessarily  leave  the  question  entirely  unsettled,  and  will  indi- 
bhat  it  is,  from  the  very  natui'e  of  things,  a  question  to  wliich  no 
ite,  or  at  least  no  final,  answer  can  be  given, 
long  the  barbarous  tribes  whose  languages  have  been  studied, 
in  a  most  cursory  and  imperfect  way,  none  have  ever  been  dis- 
ed  which  did  not  possess  one  or  more  words  indicating  familiarity 
the  number  concept.  Some  tribes  have  been  found  in  which 
ledge  of  number  was  so  slight  that  the  statement  has  been  made 
their  language  contained  no  numerals.  The  Ghiquitas,  of  South 
nca,  for  example,  have  no  word  even  which  we  can  accept  as  a 
let  substitute  for  "one.''  That  numeral  they  express  by  a  word 
iug  nearly  the  same  as  "alone."  Here  the  number  sense  appears 
I  lowest  ebb,  but  still  it  does  exist;  and  going  lower  yet,  one 
i  be  rash,  indeed,  if  he  were  to  assert  that  the  higher  animals 
lot  distinguish  between  1  and  2.  Not  a  few  tribes  have  been 
I  who  could  not  count  beyond  two;  more  yet  with  3,  4,  or  5  as 
number  limit,  while  10  marks  the  boundary  of  the  numeral  sys- 
of  a  very  great  number  of  the  primitive  races  of  the  world.  The 
tion  would  seem  then  to  be  a  safe  one  that  the  number  sense  is 
'  wholly  lacking.  It  is  evident  also  that  numerals  must  be  among 
irliest  words  to  be  formed  in  any  language.  They  express  ideas 
I  are  wholly  concrete,  which  precede  human  intelligence,  and 
I  are  in  many  ways  manifested  by  the  higher  orders  of  the  brute 
Oil.  The  origin  of  number  therefore  must  be  conceded  to  lie 
'd  the  proper  limit  of  inquiry,  and  the  primitive  conception  of 
•er  to  be  fundamental  with  human  thought. 

itorical  investigation  must  begin  not  with  number  itself,  but  with 
a  of  expression  of  number.  Here,  in  precisely  the  same  manner 
the  expression  of  all  forms  of  thouglit,  desire,  and  emotion,  the 
language  preceded  words.    We  are  all  familiar  with  the  manner 
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ill  whieli  a  child  when  learning  to  count  makes  use  of  his  lingers. 
Children  have  for  ages  done  the  same;  and  the  children  of  the  human 
race,  the  savages  of  pre-historic  times,  unquestionably  counted  on  their 
ten  digits  just  as  the  African,  the  Eskimo,  and  the  South  Sea  Isl- 
ander do  to-day.     So  universal  has  the  finger  method  of  counting 
always   been   that   many   investigators,  prominent  among  whom  is 
Grimm,  have  laid  it  down  as  an  axiom  that  all  numeral  words  arise 
from  names  of  the  fingers  of  the  hands.     Savage  races  employ,  as 
might  be  expected,  a  great  variety  of  methods  of  recording  their  count- 
ing— as  splints,  pebbles,  shells,  kernels  of  grain,  knots,  etc.    Then 
come  simple  scratches,  notches  cut  in  a  stick,  Kobinson  Crusoe  fasli 
ion,  and  other  similar  devices.    But  baok  of  all  these,  and  forming  a 
common  origin  to  which  all  may  be  referred,  is  the  universal  finger 
method  of  counting,  the  method  with  which  all  begin,  the  method 
which  is  too  convenient  to  be  entirely  relinquished,  even  by  civilized 
races. 

This  universal  recourse  to  the  fingers  often  resulted,  as  might  be  ex- 
pected, in  the  development  of  a  more  or  less  extended  pantomime 
number  system  in  which  the  fingers  were  used  in  much  the  same  way 
as  in  the  deaf  and  dumb  alphabet,  though  the  signs  actually  employed 
were  very  different  from  those  employed  by  mutes.  A  system  of  this 
kind  was  much  in  vogue  among  the  ancients,  by  means  of  which  any 
number  up  to  10,000  could  be  exx^ressed :  units  and  tens  by  inflections 
of  the  fingers  of  the  left  hand,  hundreds  by  similar  inflections  of  the 
fingers  of  the  right  hand,  and  thousands  by  a  repetition  on  the  left 
hand  of  the  signs  used  to  denote  units  and  tens.  The  Chinese  still 
employ  a  finger  method  of  expressing  numbers  less  than  100,000,  and 
among  nearly  all  Eastern  peoples  a  digital  arithmetic  of  one  sort  or 
another  is  to  be  found.  Of  so  common  use  is  this  sign  language  that 
traders  are  said  to  communicate  to  each  other  the  price  at  which  they 
are  willing  to  buy  or  sell,  and  at  the  same  time  to  conceal  their  oflfere 
from  bystanders,  by  putting  their  hands  under  each  other's  cloaks  and 
touching  each  other's  fingers. 

Eecent  anthropological  research  has  developed  many  interesting 
facts  respecting  the  limits  to  which  the  number  systems  of  the  various 
uncivilized  races  of  the  world  extend.  As  a  matter  of  course,  all  races 
can  indicate  numbers  as  high  as  10,  the  fingers  serving  as  a  means  of 
showing  what  they  have  no  words  to  express.  In  nearly  all  cases  we 
find  this  limit  extended  to  20,  the  second  10  being  told  off  on  the  toes, 
or  on  the  fingers  of  a  second  man.  But  savages  have  in  very  many 
instances  no  words  for  numbers  higher  than  2, 3,  or  4.  The  Botocudos 
have  no  definite  number  beyond  1.  For  2  they  say  ''urahii",  many.* 
The  Puris  and  the  Watchandis  stop  at  2.  The  former  express  3  by 
*'  prica",  many,  and  the  latter  express  the  same  number  by  the  combi- 
nation 2, 1. 1    The  Andamans  have  only  two  numeral  words,  though 
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they  count  as  high  as  10  by  means  of  their  fingers.  *  Ten  they  express 
by  their  word  for  "all."  The  Bushmen  have  the  same  number  limit, 
expressing  any  number  greater  than  2  by  the  equivalent  word  for 
"many.^  The  Veddas  of  Ceylon  count  "ekkamai,"  1,  "dekkamaiy  2, 
and  then  continue  by  repeating  again  and  again  the  word  "otameekai," 
meaning  "  and  one  more."  t 

Numerous  as  are  the  instances  in  which  two  stands  as  the  number 
limit  for  savage  tribes,  three  is  thus  used  still  more  frequently.  The 
New  Hollanders  have  no  names  for  numbers  greater  than  threcj  The 
low  forest  tribes  of  Brazil  commonly  express  any  number  greater  than 
three  by  their  equivalent  for  "w«ny."§  The  Australians  of  Herbert 
River  do  the  same.||  The  Fuegans  are  supposed  to  have  counted  for- 
merly to  ten,  but  at  the  present  time  their  entire  number  system  is  com- 
prised in  the  three  words:  "kaoncli,"  1;  "compaipi,"  2;  "maten,"  3.** 
TheCampas,  of  Peru,  count:  "patrio,"!;  "pittem,"  2;  *' mahuimi,"  3. 
Beyond  this  they  can  express  no  number  except  by  some  such  expres- 
sions as  1  and  3, 1  and  1  and  3,  etc.,  showing  the  total  indicated  by  hold- 
ing up  the  proper  number  of  fingers.  As  a  definite  number  anything 
beyond  ten  is  to  them  inconceivable,  and  they  refer  to  it  as  *'to  haine," 
'^many.-'tt  The  Australian  tribe  of  the  Wiraduroi  have  no  numerals 
which  enable  them  to  count  beyond  3.  With  them  four  is  "many,"  and 
five  "very  many,"  Almost  exactly  tlie  same  statement  may  be  made  of 
the  Dippil,  the  Eamilaroi,  the  Adelaide,  the  Turrubul,  the  West  Aus- 
tralia, the  Encx)unter  Bay,  the  New  South  Wales,  and  the  Tasmania 
tribes-Jt  Some  of  these  indicate  four  by  expressions  such  as  "two-two," 
or  "  two  pair,"  and  five  by  *'  two- three,"  or  "  two-two-one."  The  Encoun- 
ter Bay  tribe  uses  an  analogous  reduplication  for  six  even,  saying 
"kuko-kuko-kuko,"  that  is,  "two- two- two."  The  Yaucos,  of  the  Ama- 
zon, express  the  number  three  by  the  astounding  word  "  poettarraror- 
incoaroac,"  at  which  La  Condemaine  duly  remarks :  §§  "Happily  for  those 
who  have  dealings  with  them,  their  arithmetic  goes  no  further." 

The  general  limitation  of  the  number  sense  existing  among  the  low 
races  of  the  world  now  begins  to  become  apparent.  Specific  words  exist 
for  one,  two,  three,  etc.,  and  beyond  that  anything  is  "many."  The  en- 
tire number  system  of  a  tribe  may  be  "one,"  "many,"  or  it  may  be  "one, 
two,  many."  More  numerous  yet  are  the  cases  where  the  counting  goes 
one  step  farther,  and  gives  "one,  two,  three,  many,"  as  the  scale  through 
which  the  savages'  number  sense  can  conduct  him.     In  the  same  way 

*  MtiUer:     GrundrUis  der  Sprachwissenachaft.     B.  iv,  p.  47. 

t  Dechamp's  L^ Anihropologiey  1891,  p.  318.  "V 

X  Tylor  Primitive  Culture^  vol.  i,  p.  243. 

J  Op.  Cil.,  p.  242. 

II  Lumboltz,  C,  Bulletin  de  la  Soeii4  d^ Anthropologie  de  Paris, 
•*  Op,  at,,  1887,  p.  340. 
ft  Weiner,  Peroa  et  Bolirie,  p.  560. 

tX  Mliller,  Grundrins  der  Spr,,  B.  iv.,  Abteiluug  1,  multa  loca, 
ii  Voyage  de  la  Riciere  des  Amazons,  p.  64. 
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we  might  ei^pect  to  find  the  cases  where  counting  stops  with  foar  mort 
numerals  than  those  where  three  is  the  limit,  just  as  three  is  a  much 
more  common  limit  than  two.  Such  is  not  the  case,  however.  Investi- 
gation shows  that  if  counting  extends  beyond  three,  it  is  almost  sure  to 
reach  five,  the  commonest  limit  among  races  whose  number  sense  is  very 
weak.  A  few  instances  have  been  found  where  tribal  numerals  extend 
to  four  without  going  beyond  that  point.  The  Tupis,  of  South  America, 
have  only  the  four  numerals  "oyepe,'^!;  "mokoi,"  2;  "mosapira,^3,  and 
*^erundi,^  4.*  The  Australians,  of  Lake  Macquery,  have  no  numeral 
beyond  '^woran,^  4,  except  the  indefinite  expression  "kanwol-kanwol," 
which  signifies  "  great-great.'^t  The  Tasmanians  also  have  four  as  their 
proper  number  limit,  but  they  have  a  compound  expression,  "pagan-a- 
mara,"  4  +  1,  which  they  use  for  five.j:  A  few  other  instances  of  the 
same  limit  are  given  by  various  authors,  but  they  must  be  received  with 
great  caution.  If  a  savage  can  count  to  four  he  is  practically  certain 
to  extend  his  system  one  step  further,  and  to  make  his  scale  contain 
the  number  pf  steps  which  corres^wnds  to  the  number  of  fingers  on  one 
of  his  hands. 

This  brings  us  again  to  the  consideration  of  the  relation  existing 
between  the  hand  and  its  fingers,  and  jirimitive  counting.  Three  com. 
mon  number  limits  are  found  among  savage  races,  5,  10,  and  100.  A 
isavage  counts  on  his  fingers  until  he  reaches  5,  and  then  he  often 
stops,  saying  merely  "many,"  for  any  greater  number.  With  a  slightly 
higher  degree  of  intelligence,  or  with  an  environment  calling  for  more 
•extended  use  of  the  number  sense,  others  go  on  from  this  point, 
<50unting  now  on  the  fingers  of  the  other  hand.  As  a  number  limit  10 
is  used  almost  as  commonly  as  5;  and  it  is  no  infrequent  thing  to  find 
the  toes  a«  well  as  the  fingers  made  to  do  duty  as  counters,  thus 
bringing  the  total  up  to  20.  The  last  named  number  is  rarely  the  limit, 
however.  If  a  savage  can  (!Ount  to  20  he  is  usually  able  to  go  on  to  100, 
and  often  to  1,000. 

The  manner  of  counting  just  indicated  has  given  rise  to  a  peculiarity 
an  the  names  of  certain  numerals  which  must  not  pass  unnoticed. 
C/Ounting  as  he  does,  the  savage,  on  reaching  5  says,  not  unnaturally, 
*'  one  hand.''  At  10  he  says,  following  the  same  anology,  "both  hands," 
At  20,  having  completed  the  tale  of  counters  which  Nature  has  placed 
at  his  disposal,  he  says,  "one  man."  Though  by  no  means  universal, 
these  names  for  5,  10,  and  20  are  so  common  in  all  parts  of  the  world 
that  specific  examples  of  them  need  not  be  given.  We  also  find  6,  7, 
•etc.,  often  expressed  by  "  hand  one,"  "  hand  two,"  or  "  one  on  the 
other  hand,"  "  two  on  the  other  hand,"  etc.;  and  11, 12,  etc.,  by  "one 
on  the  foot,"  "  two  on  the  foot,"  etc.    So  frequently  are  these  equiva- 


"  Miiller,  Grundriss  der  Spr.j  B.  ii.,  1  Abt.,  p.  389. 
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lents  found  that  they  are  recognized  by  competent  authority  as  under- 
lying one  of  the  most  common  of  the  methods  of  numeral  formation.* 

In  a  consideration  of  the  subject  of  primitive  number  one  thought 
must  be  kept  prominently  in  mind.  Savage  races  may  have  numerals 
by  means  of  whicli  they  count  to  5, 10, 20, 100,  or  even  1,000,  beyond 
which  they  rarely  venture.  But  it  by  no  means  follows  that,  after 
passing  beyond  the  very  smallest,  they  have  any  exact  notions  of  the 
numbers  they  are  using.  As  long  as  they  can  check  off  on  the  fingers, 
or  by  means  of  pebbles,  sticks  or  shells,  they  undoubtedly  have  a  fairly 
distinct  ide^  of  the  totals  they  name.  But  want  of  familiarity  with 
the  use  of  numbers,  and  lack  of  any  convenient  means  of  comparison, 
must  result  in  extreme  indefiniteness  of  mental  conception,  and  must, 
when  recourse  can  not  be  had  to  counters  of  some  kind,  inevitably 
give  rise  to  great  vagueness  in  the  nse  of  numbers.  This  has  been 
noted  and  commented  on  by  many  observers,  Humboldt  among  them, 
who  remarks  t  that  he  never  met  an  Indian  who  on  being  asked  his 
age  would  not  answer  indifferently  16  or  20. 

The  statement  has  been  made  above  that  tne  number  systems  of 
savage  races  rarely,  if  ever,  extend  beyond  1,000.  A  single  observa- 
tion respecting  the  development  of  the  systenjs  of  civilized  races  may 
not  here  be  out  of  place  as  showing  of  how  universal  application  is  this 
statement.  The  number  systems  of  the  civilized  world  to-day  are  of 
unlimited  extent.  But  we  need  go  back  but  a  few  centuries  to  find  a 
time  when  our  own  systems  were  as  diminutive  as  are  those  to  which 
reference  has  just  been  made.  Although  in  response  to  the  demands 
of  commerce  and  science  our  English  system  has  been  brought  to  its 
present  elastic  condition,  the  evidence  of  language  shows  conclusively 
that  our  Teutonic  ancestors  stopped  at  the  same  limit  that  has  been 
named  as  the  maximum  for  eavage  tribes.  The  higher  numeral  words 
of  our  language,  milliony  billion^  trillion,  etc.,  are  all  borrowed  words; 
while  the  word  thousand  is  pure  Saxon,  like  the  words  one,  ttcoy  three, 
ten,  hundred,  etc.  The  German,  the  Scandinavian  and  other  languages 
have  borrowed  their  higher  numeral  words,  and  the  same  statement 
is  probably  true  of  the  French.  Other  languagas,  like  the  Chinese, 
Sanskrit,  Aztec,  etc.,  contain  only  native  numeral  words;  but  however 
high  these  systems  may  be  found  to  extend,  there  can  be  no  doubt  that 
they  were  at  one  time  limited  to  a  single  thousand,  and  perhaps  less. 
In  this  connection  it  is  instructive  to  observe  the  number  limits  of  the 
half  civilized  nations  of  the  present  day.  The  tribes  of  Arabia,  the 
Persians,  the  Abyssinians,  and  most  of  the  North  African  peoples  have 
number  systems  terminatuig  with  eleph  or  alph  (1,000).  Tiie  Lapland- 
ers and  the  Erse  have  no  words  higher  than  zhioette  and  c?*cw?,  respec- 
tively, each  of  these  words  signifying  100.  In  ancient  times  the  Latins 
were  content  with  mille  (1,000),  and  the  Greeks  with  fif}f}ia^  (10,000),  as 
their  number  limits,  and  the  Malays  of  to-day  with  rihou,  also  meaning 

•  Cha«e,  Proc,  Am.  Phil.  Soc.  18^5,  p.  2Z. 
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1,000.  In  general  it  may  be  said  that  in  the  childhood  of  any  race  the 
number  concept  is  weak  and  the  number  system  is  correspondingly 
limited.  /Vs  civilization  develops  the  number  sense  and  the  number 
system  are  extended  accordingly.  To  this  law  some  remarkable  ex- 
ceptions have  been  noted,  but  they  are  exceptions  and  do  not  in  the 
least  invalidate  the  rule. 

Respecting  the  bases  used  in  the  number  systems  of  the  various  lan- 
guages of  the  world,  no  full  and  comparative  account  has  ever  api>eared 
in  English.  From  the  earliest  times  in  which  arithmetic  began  to  assume 
the  dignity  of  a  science  and  its  history  to  receive  serious  attention,  it  has 
been  handed  down  as  a  tradition,  the  truth  of  which  was  never  ques 
tioned  until  recently,  that  all  races  throughout  the  world  used  in  their 
computation  the  decimal  system.  Aristotle  indeed  mentioned  one  ob 
scure  Thracian  tribe  which  was  said  to  reckon  with  a  different  base,  but 
he  seems  to  have  regarded  this  solitary  instance  as  the  exception  which 
proved  the  rule,  for  he  taught  that  the  universality  of  the  decimal  sys- 
tem proved  it  to  have  had  its  origin  in  nature.  This  tradition  was  for 
centuries  accepted  as  true  without  question,  and  the  naturalness  of  the 
decimal  system  was  argued  from  the  fact  that  the  number  of  counters, 
the  fingers,  with  which  nature  had  equipped  man.  was  ten.  But  the 
last  three  or  four  centuries  have  brought  to  the  knowledge  of  civiliza- 
tion a  multitude  of  tribes  hitherto  unknown,  and  among  them  a  very 
great  number  have  been  found  to  use  systems  having  some  ba^se  other 
than  10.  It  was  also  pointed  out  by  Peacock*  and  others  that  10  was 
not  the  only  natura  Inumber  base — that,  as  5  was  the  number  of  fingers 
on  one  hand,  and  as  20  was  the  number  of  fingers  and  toes  combined, 
either  5  or  20  constituted  a  ba«e  in  all  respects  as  natural  as  If).  Hence 
the  use  by  any  race  of  either  of  these  numbers  for  that  purpose  could 
constitute  no  ground  for  surprise.  Peacock  indeed  mentions  many  ex- 
amples of  Indian,  negro,  and  Mongolian  tribes,  among  whom  such  bases 
are  actually  used,  and  his  list  can  now  be  enormously  increased,  so  great 
has  been  the  energy  and  activity  displayed  in  anthropological  reseairli 
during  the  last  half  century.  That  10  has  been,  and  is,  the  practically 
universal  base  of  the  world's  number  systems  is  indisputably  true,  but 
to  this  general  law  the  list  of  exceptions  has  been  found  to  be  so  great 
that  a  brief  consideration  of  the  subject  seems  desirable. 

Of  all  the  numbers  capable  of  use  a,s  a  system  base,  12  presents  the 
greatest  number  of  i)ra<;tical  advantages.  We  have,  through  the 
familiarity  which  custom  has  produced,  become  so  accustomed  to  the 
use  of  10  in  that  capacity  that  the  assertion  just  made  seems  unwar- 
rantable. But  a  moment's  reflection  will  show  that  the  ten  fingers  of 
the  human  species  have  entailed  upon  us  a  number  base  decidedly 
inferior  to  12.  In  the  simple  business  affairs  of  life  we  deal  most 
extensively  with  the  three  simple,  familiar  fractions,  J,  J,  and  J,  and 
the  auxiliary  fractious  §  and  f .     Such  being  the  case  it  needs  no  argn 
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meut  to  prove  that  tbe  most  couveuient  base  is  that  which  will  admit 
of  divisiou  without  a  remainder  by  the  numbers  2,  3,  and  4.  Ten  can 
be  divided  by  but  one  of  tiiese  numbers  without  remainder;  hence  the 
confusion  of  fractions  is  at  once  introduced.  Twelve,  on  the  other 
hand,  is  an  exact  multiple  of  each  of  the  three  numbers.  It  offers,  then, 
to  the  mass  of  mankind  an  enormoifs  advantage  over  10  or  any  other 
small  number  as  a  base  for  computation.  With  the  growth  of  business 
in  its  many  forms,  the  civilized  world  has  long  since  come  to  recognize 
this  fact,  and  in  many  ways  to  make  practical  use  of  it.  The  word 
"^  dozen,"  and  its  equivalent  in  other  languages,  has  been  coined  as  a 
uoun  to  express  the  number  12,  and  in  a  very  great  number  of  the 
commercial  transactions  of  the  world  the  dozen  and  its  square,  the 
gross,  are  the  common  units  of  measure.  So  palpable  are  the  advan- 
tages of  12  from  this  point  of  view  that  some  writers  have  gone  so  far 
as  to  advocate  the  entire  abolition  of  the  decimal  system  and  the  sub- 
stitution of  a  duodecimal  system  in  its  place.  Charles  XII,  of  Sweden, 
may  be  mentioned  as  an  especially  zealous  advocate  of  this  change, 
which  he  is  said  to  have  had  in  actual  contemplation  for  his  own 
dominions  at  the  time  of  his  deiith.  The  adoption  of  the  duodecimal 
notation  would  involve  the  introduction  of  two  new  symbols,  for  10  and 
11,  respectively.  Twelve  would  then  be  represented  by  10,  thirteen  by 
11,  fourteen  by  12,  twenty-four  by  20,  one  hundred  and  forty-four  by 
100,  etc.  No  such  (change  can  ever  meet  with  general  favor,  so  firmly 
has  the  decimal  scale  become  intrenched;  bnt  it  is  more  than  probable 
that  the  world  of  trade  and  commerce  will  continue  to  use  the  dozen, 
its  fractions  and  its  multiples  in  many  of  its  transactions  in  the  future, 
as  it  has  for  centuries  in  the  past.  It  was  thus  used  by  the  Romans, 
and  it  has  been  and  is  used  among  all  Teutonic  nations  at  the  present 
day.  It  is  more  than  probable  that  the  English  divisions  of  weights, 
measures,  and  money  were  influenced  by  the  ease  with  which  mental 
computation  is  effected  when  fractional  parts  of  12  are  involved.  The 
duodecimal  is  not  a  natural  scale  in  the  same  sense  as  are  the  decimal, 
the  quinary  and  the  vigesimal;  but  it  is  a  system  which  is  brought 
into  use  at  a  later  day  and  at  a  higher  stage  of  development,  solely 
through  its  cx)nvenience  when  applied  to  the  everyday  transactions  of 
business  life.  Humboldt,  in  discussing  the  number  systems  of  the 
various  peoples  he  had  visited  in  his  travels,  remarked  that  no  iieople 
had  ever  used  exclusively  that  best  of  bases,  12.  A  possible  exception 
to  this  has  since  Humboldt's  time  been  noted  by  Robert  Flegel,  in  the 
Aphos  of  Benue,  who  count  by  simple  words  to  12,  and  then  proceed 
with  12  and  1,  12  and  2,  12  and  3,  etc.* 

Remarkable  as  it  may  at  first  glance  seem,  the  number  2  has  in  a 
few  scattered  instances  been  made  to  do  duty  as  the  base  of  number 
system.    Thirion  saysi  it  was  thus  employed  by  Kgy]>tian  surveyors; 

'  8<"habei-t,    H.,  in  Neumayer's   Jnleititng  zu    WisseuschajVichen    Ihobachtuiuj  aiif 
Reiseti,  ]>.  290. 
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in  our  own  language  we  find  an  oeeasional  hint  of  tbe  same  thing  iu 
the  words  '^pair,"  ''bra<!e,"  ^' couple,"  etc.;  obscure  traces  of  a  binary 
number  system  appear  on  some  of  the  early  Chinese  monuments,  but 
wo  have  no  real  evidence  that  such  a  system  wjus  ever  definitely  and 
exclusively  used  by  the  Chinese.  Certain  savage  tribes,  however, 
count  exclusively  or  in  part  by  twos.  The  Baccaraaibi,  a  South 
American  tribe  of  the  Xingu  region,  count  only  to  6.  But  they  call  4, 
2  and  2,  5,  2  and  2  and  1,  and  6,  2  and  2  and  2.  Tlie  least  developed 
of  the  Australian  tribes  are  in  many  cases  found  to  reckon  in  the  same 
way.*  The  structure  of  the  Arikara  numerals  would  indicate  that  this 
people  counted  at  first  exclusively  by  pairs,  the  odd  numbers  being  in 
terpolated  afterwards.^  The  lowest  of  the  native  tribes  of  the  East 
Indian  Archipelago  count  upon  a  binary  scale,  if  indeed  they  can  prop 
eriy  be  said  to  use  any.f  Examples  of  this  kind  might  be  multiplied 
to  a  very  considerable  extent.  But  it  should  not  be  overlooked  that 
these  are  hardly  to  be  considered  as  fair  examples  of  the  use  of  any 
system.  The  tribes  mentioned  have  no  form  of  notation  other  than  re- 
peating scratches  or  piling  pebbles;  and  their  numeration  is  of  the 
rudest  kind.  All  that  can  be  said  is  that,  as  far  as  any  system  is  used 
among  them,  that  system  is  the  binary.  Making  the  same  quahfica 
tion,  we  may  note  that  the  Cuchaus  of  Colorado  count  with  a  mixed 
ternary  and  quaternary  S(jale,  expressing  6  by  the  iihrase  "2  3'8,^9 
by  "3  3's,"  and  8  by  ^'2  4'8;"§  and  that  the  Lulos  of  South  America, 
the  Triton  Bay  and  the  Ende  Polynesians  count  with  a  quaternary 
scale,  expressing  numbers  as  far  as  4  by  simple  w-ords,  and  then 
counting  4-1,  4-2,  etc.  The  last-named  tribe  giv^es  a  further  indication 
of  the  use  of  the  quaternary  scale  by  using  for  8  a  word  signif>ing 
'*2  4's."||  Occasionally  we  come,  in  the  midst  of  some  other  well-de 
fined  system,  upon  sporsulic  traces  of  reckoning  upon  4,  6,  8,  or  9  as  a 
base.  The  Wallachians,  for  example,  say  "deu-maw,"  2-9  for  18.  The 
Bretagnes  call  18  *^' trionche,"  3-6.  But  otherwivse  these  languages 
contain  no  trace  of  the  senary'  or  octonary  scales.  Pott  states ••  that 
the  Bolans  of  West  Africa  appear  to  use  6  as  their  number  base;  bnt 
aside  from  this  solitary  instance  we  know  of  no  tribe  which  employs  6, 
7,  8,  or  9  for  that  purpose.  The  most  remarkable  example  of  tribal  ec- 
centricity in  this  particular  is  that  of  the  Maoris,  of  New  Zealand, 
whose  number  base  is  11.  To  that  number  they  count  by  meaos  of 
simple  words;  12, 13,  14,  et<\,  ai'e  with  them  11-1,  11-2,  11-3,  etc.;  the 
multiples  of  11,  as  22  and  33,  are  formed  directly  on  the  word  for  U; 
and  the  square  and  cube  of  11,  or  121  and  1331,  are  expressed  by 
simple  words  having  no  connection  with  the  names  of  smaller  uum- 
bers.tt    Occasionally  a  rude  number  system  occurs  w^hich  shows  no 
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trace  of  a  base,  the  numbers,  as  far  as  they  extend,  being  independent 
of  each  other.     Such  cases  are,  liowever,  necessarily  rare. 

The  only  remaining  example  that  need  be  mentioned  of  the  use  of 
an  unusual  number  as  the  base  of  a  system,  is  the  Babylonians.  As 
is  well  known,  the  base  of  their  number  system  was  00,  the  largest 
number  ever  used  for  such  a  purpose.  To  the  modern  world,  the  fact 
that  the  Babylonians  used  60  as  their  unit  of  reckonnig  is  most  im- 
portant, for  that  fact  has  entailed  upon  us  a  sexagesimal  system  of 
astronomical  c*omputation. 

With  the  exception  of  a  small  number  of  isolated  cases,  such  as 
those  mentione4  above,  it  may  be  laid  down  as  a  universal  law  that 
©very  lauguage  containing  a  number  system  extending  beyond  5 
reveals  the  use  of  one  of  the  three  numbers,  5, 10,  or  20,  as  the  base  of 
that  system.    Each  of  three  numbers  requires  extended  mention. 

One  of  the  most  interesting  points  to  be  met  with  in  connection 
with  the  study  of  numeral  words,  is  the  resemblance  found  to  exist 
in  many  languages  between  the  words  for  ^' hand  "and  ^'five."  Count 
ing  as  they  do,  by  means  of  their  fingers,  savage  races  naturally  use 
for  five  some  expression  like  "one  hand,"  or  "a  hand  finished,"  or 
simply  'Miand."  Then,  proceeding  with  their  count,  they  begin  to 
build  on  this  as  a  base,  using  for  6,  7,  8,  etc.,  the  expressions,  "hand 
one,"  "hand  two,"  "hand  three,"  etc.  In  such  a  system,  10  is,  of 
course,  "two  hands."  Counting  above  10,  we  find  two  common  meth- 
ods praetised.  The  fingers  being  finishecl  by  the  connt  up  to  10,  re- 
course may  be  had  either  to  the  toes  or  to  the  fingers  of  a  second  man. 
In  the  former  case,  11  would  be  "one  on  the  foot."  Twenty,  complet- 
ing the  tale  of  both  fingers  and  toes,  is  called  "one  man."  Beyond 
this  i)oiut  there  is  less  uniformity  in  the  method  of  counting  than  be- 
fore, but  examples  are  numerous  of  tribes  which  use  exactly  this 
method  up  to  100,  calling  40,  GO,  80,  and  100,  "  two  men,"  "  three  men," 
*'four  men,"  and  **five  men,"  respectively.  But,  as  will  he  noted  later, 
the  use  of  the  pure  quinary  scale  above  20  is  rarely  if  ever  found. 
With  tribes  having  a  limited  number  sense,  however,  tribes  whose  sys- 
tems do  not  extend  beyond  10  or  15  or  20,  this  scale  is  almost  as  com- 
mon as  the  decimal.  The  naturalness  of  this  scale  is  very  evident, 
and,  as  C4»mpared  with  the  decimal,  the  wonder  is,  not  that  the  quinary 
scale  is  so  very  common,  but  rather  that  it  is  not  more  common  than 
the  decimal.  The  reason  for  this  will  appear  when  we  come  to  con- 
sider the  latter. 

Examples  of  the  use  of  the  (luinary  scale  are  common  in  all  parts  Of 
the  world,*  It  is  the  scale  of  many  of  the  native  North  Siberian  tribes, 
of  the  Aleuts,  the  Kamtschatkans,  and  at  least  three  of  the  tribes  of 
the  New  Hebrides.  In  Africa  we  note  the  Wolofs  and  BuUorns, 
which  were  visited  by  Mungo  Park,  the  Kanuris,  the  Temnes,  the 

*  The  nnmtirals  of  the  tribes  here  meuiioncd,  but  for  Avhich  no  specilic  reference 
is  made,  are  found  in  Miiller,  oj>.  c»7.,  or  in  Tott.  l>'(e  (^>uinarfi  nnd  viffmrnuh  ca^(- 
methode  bei  Volkern  alkr  WelUheile. 
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EifikS;  and  two  tribes  visited  by  Stanley;   the  Ki  yans  and  tlie  Ki 
Nyassas.*    These  and  a  number  of  others  use  practically  a  pure  quinary 
scale.    The  Dinkas,  tJie  Fulbes,  the  Pigmies,t  and  others  use  a  mixed 
quinary  and  decimal  scale,  while  the  Nupes  and  one  or  two  other  tribes 
employ  a  quinary  vigesimal  system.      Among  the  Australasians  and 
Polynesian  islands  abundant  traces  are  found  of  quinary  number  sys- 
tems, but  they  are  in   almost  all  cases  nothing   more  than  traces. 
Throughout  that  part  of  the  world  the  quinary  system  has  been  super- 
seded by  the  decimal.    This  has  been  widely  spread  through  the  islands 
of  the  Pacilic  and  Indian  Oceans  by  the  Malays,  who  in  turn  obtained 
it  from  the  Hindus.    But  the  home  par  excellence  of  the  quinary,  or 
rather  of  the  quinary  vigesimal  scale,  is  America.      It  is  practically 
universal  among  the  Eskimo  tribes  of  the  Arctic  regions.    It  prevailed 
among  a  considerable  portion  of  the  North  American  Indian  tribes,  and 
was  almost  universal  with  the  native  races  of  Central  and  South  Amer 
ica.    So  numerous  are  the  examples  which  might  be  given,  that  mention 
will  be  made  rather  of  the  exceptions,  that  is,  of  those  using  the  decimal 
base.    It  is  interesting  to  note  also  that  a  considerable  number  of  lan- 
guages show  that  the  quinary  system  was  once  in  use  among  peoples 
which,  with  the  development  of  civilization,  discarded  that  system  for 
the  decimal.    The  Greeks  of  Homer's  time  used  a  system  in  which 
traces  of  the  quinary  base  are  observable.    The  common  Koman  nota- 
tion shows  clearly  that  the  ancient  ilomans  made  at  least  a  limited  use 
of  the  same  base,  as  did  also  the  Persians. 

The  exclusive  use  of  5  as  a  number  base  is  never  found  in  any  sys 
tem  of  any  considerable  extent.     Whenever  the  quinary  system  is  ex 
tended  beyond  the  narrowest  limits  it  invariably  runs  into  either  tlie 
decimal  or  the  vigesimal.     Touching  this  point  Hankel  says  it  that  iio 
race,  even  though  it  began  its  numl)er  system  on  the  quinary  base,  ever 
expressed  10  by  5-2  or  2-5,  but  always  by  a  simple  word;  and  hence  that 
the  system  i^asses  immediately  into  tlic  decimal.    This  statement  is 
only  partially  correct.    The  quinary  in  many  instances  runs  into  the 
vigesimal,  no  trace  whatever  of  a  decimal  base  appearing.     Further 
more,  even  though  10  is  never  expressed  by  5-2  or  2-5,  it  is  often  ex 
pressed  by  ''two  hands"  or  "both  hands."     Mungo  Park  observed  tliis 
among  the  Yolofs  and  Foulkas  of  Africa;  Humboldt  and  others  among  ^ 
the  Omaguas,  the  Zarmiscas,  the  Tamanacs,  the  Tonpinambos,  and — 
many  more  of  the  South  American  tribes;  and   Russian   explorer^ 
found  the  same  method  common  among  the  native   Siberian  raee.s — 
Hence  the  statement  as  the  German  historian  makes  it  needs  imi>or  - 
tant  qualification. 

Vigesimal-number  systems  are  less  common  than  quinary,  but  Si** 
the  two  are  so  persistently  interwoven  together  it  is  difficult  tosep^' 
rate  them  from  each  other.    I'he  use  of  a  base  as  large  as  20  mtts^* 
necessarily  be  cumbervsome,  and  it  can  constitute  no  ground  for  sU** 

*  Stanley,  Through  the  Dark  CQfitinpntj  ii,  p.  486. 

/  Op,  elf.  iJ,  J).  492,  ft  Geschichie  der  Mathematikj  j>.20. 
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je  that  either  5  or  10  should  iu  general  be  preferred  for  that  purpose. 
9  a  matter  of  some  surprise,  however,  that  the  quinary  should  in  so 
ly  cases  merge  into  the  vigesimal  rather  than  the  decimal  system, 
he  vigesimal  system  is  never  found  entirely  pure.  Examination 
ays  shows  some  trace  either  of  the  quinary  or  the  decimal  syst^^m 
ordinate  to  it.  Among  the  native  races  of  America  it  is  almost  as 
imon  as  the  quinary  and  is  more  common  than  the  decimal,  but  it 
bere  always  found  mixed  with  either  the  one  or  the  other.  The 
16  commingling  is  observed  among  Asiatic  and  African  tribes.  The 
3orate  Azte<?  system  is  the  most  i)erfect  known  example  of  the  vig- 
nal-number  system,  but  it  contained  both  tlie  quinary  and  the  deci- 
[  scales  subordinate  to  the  vigesimal.  The  Muyscas  of  Bogota 
sessed  an  exceedingly  elaborate  and  extended  vigesimal  system,  but 
decimal  is  used  to  supplement  it.  The  same  is  true  of  the  Bas- 
',s  of  northern  Spain. 

'or  some  unexplained  reason  vigesimal-number  systems  are  rare  in 
Old  World.  The  only  European  example  I  am  able  to  cite  is  the 
sque  system.  The  Ainus  of  northern  Siberia  reckon  by  twenties, 
I  a  number  of  the  tribes  of  the  Caucasus  do  the  same.  In  Africa 
s  mode  of  counting  is  almost  unknown,  only  two  or  three  examples 
it  being  on  record.  It  is  only  in  America  that  vigesimal-number 
terns  have  flourished  and  held  their  own.  But  it  is  a  noteworthy 
;  that  in  ancient  times  20  was  the  number  base  used  in  many  ])arts 
ilurope,  as  is  attested  by  abundant  traces  in  the  modern  European 
ruages.  The  Phoenicians,  and  presumably  the  Carthagenians,  also 
I  this  method  of  reckoning,  and  through  contacit  with  them  the 
ic  nations  of  western  Euroiie  gradually  became  familiarized  with 
T'rom  using  it  in  commercial  intercourse  with  these  traders  from 
IVIediterranean  they  may  have  adopted  it  as  their  own  scale.    Cer- 

it  is  that  the  vigesimal-number  system  was  a  strongly  marked 
*»cteristic  of  all  the  Celtic  races,  as  their  languages  uneiiuivocally 
r^.    The  Bretons  still  say  "  utinek  ha  tringent,"  11  and  3  20's,  for 

The  French  say  "quatre  vignt"  for  80,  and  from  that  point  to  100 
it  upon  a  pure  vigesimal  scale,  as  far  as  the  names  of  their  numbers 
concerned.  The  Welsh,  the  Erse,  the  Gaelic,  the  Manx,  and  other 
ic  races  show  in  their  languages  similar  traces  of  a  former  use  of 
vigesimal  base.  Singularly  enough,  like  traces  are  to  some  slight 
'lit  found  among  Teutonic  languages  also,  but  they  are  so  infrequent 
o  indicate  but  little  and  to  prove  nothing.  A  hundred  consisting 
20,  and  known  as  *'  the  great  hundred  ^  rtr  *'  long  hundred, "  was 
cierly  in  use  in  England,  and  whs  legal  for  eggs,  spars,  and  certain 
^r  articles.  That  this  was  a  common  use  would  appear  from  tlie 
ular  old  distich  quoted  by  Peacock  :* 

Five  score  of  men,  money,  and  jiinK, 
Six  score  of  all  other  things. 

*  Encyolopadia  Meiropolitana,  vol.  I,  p.  381. 

H.  Mis.  114 38 
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The  very  word  **  score,"  and  one  or  two  happily  preserved  expres- 
sions, as  'Hhree  score  and  ten,"  show  that  an  unconscious  favor  of  the 
vigesimal  scale  was  to  be  found  in  the  England  of  a  few  centuries  aga 
The  Danish  and  other  Teutonic  languages  contain  words  and  expres- 
sions which  indicate  that  the  same  was  true  of  other  north  European 
countries.  But  here  the  reckoning  by  20's  seems  always  to  have  been 
restricted  to  material  objects  rather  than  applied  to  pure  number;  so 
that  the  Teutonic  number  systems  can  not  be  said  ever  to  have  been 
vigesimal  systems.  Ancient  Palmyra  possessed  a  number  system  of 
great  extent  which  was  almost  purely  vigesimal.  But  scanty  traces  of 
it  remain  however. 

We  have  last  of  all  to  consider  the  decimal  scale.    However  great 
the  number  of  examples  that  may  be  given  of  races  that  have  used 
or  now  use  the  quinary  or  the  vigesimal  scale,  the  fact  remains  that 
by  far  the  greatest  number  of  uncivilized  people  perform  their  reckon- 
ing by  tens;  and  that,  with  five  or  six  exceptions,  all  civilized  peoples 
have  done  the  same.    The  decimal  scale  is  universal  in  Europe;  in 
Africa  it  is  almost  universal ;  in  Polynesia  the  same  is  true;  in  Asia 
an  civilized  peoples  and  the  grejit  majority  of  the  uncivilized  tribes 
count  with  this  base;  in  North  America  it  is  used  by  the  greater  niun- 
ber  of  the  Indian  tribes;  and  in  South  America  it  is  sometimes  found, 
though  the  prevailing  base  is  quinary  or  quinary-vigesimal.    The  sim- 
ple and  undoubtedly  the  correct  explanation  of  the  origin  of  this  sys- 
tem is  the  laying  aside  of  the  counter,  or  the  scoring  of  one  mark  on 
the  completion  of  each  tale  of  10  on  the  tlngers.    This  develops  into  a 
perfect  decimal  system,  and  needs  only  the  device  of  characters  for  the 
representation  of  number  to  become  a  Avritten  number  system  like  the 
Roman ;  or  with  value  of  plaee  like  the  Arabic  system  of  the  present 
day.    That  it  is  preferable  to  either  the  quinary  or  the  vigesimal  scale 
is  a  fair  inference  to  be  deduced  from  the  numerous  instances  in  which 
it  has  superseded  the  one  or  the  other.    As  a  number  base  5  is  too 
small  and  20  is  too  large.     Probably  no  single-number  scale  would 
servo  the  needs  of  mankind  better  than  the  decimal  with  the  single  ex- 
ception of  the  duodecimal.    But  the  advantages  of  12  as  a  base  never  be- 
come apparent  until  the  arithmetic  of  a  i)eople  has  reached  a  degree  of 
development  such  that  a  change  in  the  scale  used  would  be  attended 
with  difficulties  so  great  as  to  render  such  a  thing  altogether  impracti- 
cable.   Civilization  is  apparently  wedded  to  the  decimal  system;  and 
though  it  may  continue  to  barter  by  12's  and  to  perform  its  astronomi- 
cal computations  by  OO's,  it  will  always  continue  to  use  the  arithmetic 
of  lO's  in  preference  to  any  other.    It  seems  probable  also  that  the  deci- 
mal scale,  already  in  use  among  all  civilized  nations  and  among  the 
native  races  of  so  large  a  portion  of  the  world,  will  tend  more  and 
more  to  displace  the  quinary  and  the  vigesimal  scales,  and  to  become  at 
last  in  reality  what  it  was  in  the  minds  of  the  ancients,  the  universal 
number  scale  of  the  world. 
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By  D.  Kebfoot  Shute,  M.  J). 

•   . 

By  ''anthropology  of  the  brain"  we  understand  several  distinct,  but 
closely  related,  sciences,  viz,  the  anatomy  of  the  brain,  its  ])hy8iology, 
psychology,  ethnology',  etc. 

In  the  short  space  at  my  disposal  it  will  be  impossible  to  do  anything 
more  than  briefly  mention  the  more  important  facts  bearing  upon  this 
interesting  subject. 

We  will  refer  briefly,  in  the  first  place,  to  the  more  salient  features 
of  the  anatomy  of  the  brain. 

This  complex  viscus  may  be*  looked  ui)on  as  a  hollow  bag,  with  sev- 
eral constrictions  at  different  places,  whose  wall  is  trilaminar,  the  inner- 
most layer  of  which  is  named  ependyma,  the  middle  one  the  nerve  tissue, 
and  the  external  layer  the  pia  mat^r. 

The  inner  (ependyma)  and  outer  (pia  mater)  layers  are  quite  thin,  and 
may  be  said  to  maintain  a  uniform  thickness;  but  the  middle  (nerve- 
tissue)  layer  possesses  very  varying  degrees  of  thickness  at  different 
l)otnts  in  the  wall  of  this  hollow  bag — the  brain. 

The  nerve  tissuelayer  may  be  very  thick  at  some  places,  and  it  may 
be  entirely  absent»at  other  points.  In  this  latter  case  the  integrity  of 
the  cavity  ofthe^brain  is  maintained  by'the  ependyma  and  pia  inater 
coming  in  contact,  this,  bi laminar  portion  of  the  brain  wall  taking  the 
general  name- of  velum. 

In  order  to  give  you.  a  necessary  outline*  idea  of  the  anatomy  of  the 
brain,  it  will  be  best  to  refer  rapidly,  but  succinctly,  to  the  more  salient 
features  of  the-  embryology  of  the  brain.  At  an  early  stage  of  pre- 
natal growth  the.  brain  consists  of  three  primarj'^  vesicles;  soon  these 
three,  by  additional  growth  and  constrictions,  hecome-Jive  vesicles,  all 
In  a  series,  one  in.  front  of  the.other  (luhoUow  bag  with  four  constric- 
tions and  trilaminar  wall). 

The  technical  name-  for  brain  being  encephalon,  these  vesicles  are 
designated  from  before  backward,  prosencephalon,  thalam-encephalon, 
mesencephalon,  ep-encephalon,  and  met-encephalon. 

The  prosencephalon,  at  first  the  smallest  and  most  anteriorly  (pre- 
axially)  situated  of  all  the  segments,  is  destined  to  grow  out  of  all  pro- 
portion to  the  other  segments.     It  grows  in  all  directions,  upward, 

*  A  Saturday  lecture  delivered  in  tbe  lecture-hall  of  the  U.  S.  National  Museum, 
under  tbe  auspices  of  the  Authroplogical  Society  of  Wii«hingtou. 
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forward,  backward,  and  downward,  and  more  or  less  tM)ni|iletely  liide« 
from  view  the  remaining  and,  morphologically  considered,  more  funda- 
mental segments.     This  great  increase  in  size  of  the  i>rosencephalon  is 

due  to  the  tremendous  growth  of  its  middle  layer — the  iierve-tissue 
layer. 

The  cavity  of  the  prosencephalon  is  called  the  prosencephalic  cavity 
(lateral  ventricles  of  adult  human  anatomy);  that  of  the  thalameu- 
cephalon,  the  thalamencephalic  cavity  (third  ventricle  of  human  anat- 
omy), the  point  of  communication  between^the  two  cavities  being  known 
as  the  foramen  of  Monroe. 

The  cavity  of  the  mescncei)lialon  is  called  mesencephalic  cavity  (syl 
vian  passage,  or  iU^r  a  tertio  ad  quartum  ventriculum  of  human  anat- 
omy). 

The  cavity  of  the  epeucephalon  is  known  as  epencephalic  cavity 
(pre-axial  half  of  the  fourth  ventricle) ;  that  of  the  metencephalon  is  the 
metencephalic  cavity  (post-axial  half  of  the  fourth  ventricle). 

The  ^* fourth  ventricle"  thus  becomes  a  cavity  common  to  two  seg 
ments  of  the  brain. 

Along  the ''floor''  of  the  prosencephalic  cavity  (lateral  ventricle),  in 
the  form  of  a  double  horse-shoe,  is  a  portion  of  the  brain  wall  in  which 
the  middle  (nerve-tissue)  layer  is  wanting.  At  this  place  the  epeii- 
dyma  and  pia  mater  come  in  contact,  forming  the  prosencephalic  velum 
(ernmeously  called,  in  human  anatx)my,  ''transverse  fissure^),  by  which 
the  integrity  of  the  encephalic  cavity,  at  this  pla<'e,  is  preserved. 

Likewise  there  is  a  thalamencephalic  velum  (velum  interpositiuu  of 
human  anatomy)  in  the  "roof"  of  the  thalamencephalon :  a  metenceph- 
ali(j  velum  in  the  "roof"  (dorsal  surface)  of  the  metencephalon.  lu  the 
latter  velum  is  found  the  foramen  of  Magendie,  the  opening  by  which 
the  cerebro- spinal  fluid  in  the  encephalic  cavities  communicates  with 
that  in  spaces  on  the  outside  of  the  pia  mater  known  as  sub-arach 
noidian  spaces. 

The  nerve  tissue-of  the  prosencephalon  (cerebrum)  consists  of  ''inner'' 
or  "white  matter"  and  "outer"  or  "gray  matter,"  the  individual  ele 
ments  of  which  are  bound  together  by  a  tissue  called  neuroglia.  The 
gray  matter,  otherwise  called  cortex,  is  about  3  millimeters  in  thick 
ness.  The-cerebrum  has  numerous  fissures  and  convolutions  on  its 
surface — these  for  the  purpose  of  increasing  the  area  of  gray  matter 
without  unduly  augmenting  the  bulk  of  the  brain.  The  superficial  area 
of  the  cortex  is  about  200,000  square  millimeters. 

Two  of  the  most  important  fissures  of  the  brain  are  the  fissure  of 
Rolando  and  the  fissure  of  Sylvius.  In  relation  with  the  former  fia 
sure  are  found  the  great  "motor  areas"  of  the  brain,  and  in  relation 
with  the  "forking"  of  the  latter  is  "Broca's  center"  (the  center  foi 
speech). 

In  the  adult  the  cerebrum  is  the  largest  portion  of  the  brain.  The 
rext  largest  portion  of  tliis  viscus  is  the^erebellum,  which  constitutes 
the  great  bulk  of  the  epeucephalon. 
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In  the  brief  space  at  my  disposal  I  can  but  mention  two  of  the  great 
physiological  processes  connected  with  the  brain.  Probably  two  of  the 
most  conspicuous  activities  of  a  human  being  are  those  of  intellection 
suid  locomotion ;  and,  in  consonance  with  this  fact,  we  find  the  two  por- 
tions of  the  brain  presiding  over  these  functions,  the  most  conspicuous 
and  bulky  segments  of  it.  The  cerebrum  is  the  physical  basis  of  intel- 
lectual processes  and  the  cerebellum  of  locomotion,  in  that  the  latter 
is  the  great  coordinating  center  of  the  brain. 

Whether  we  extend  our  studies  along  the  lines  of  phylogeny  or 
ontogeny,  we  will  observe  that  the  rule  is  very  general,  almost  univer- 
sal, that  those  animals  having  the  largest  cerebra  possess  the  greatest 
degree  of  intelligence,  and  those  with  the  largest  cerebella  are  capable 
of  the  most  varied  and  complicated  motions. 

From  an  ethnological  standpoint  the  size  and  weight  of  the  human 
brain  are  facts  of  great  interest  and  importance. 

The  size  and  weight  of  the  brain  are  capable  of  being  estimated  by 
two  methods,  viz,  the  direct  and  indirect.  The  direct  method  is  to 
weigh  the  brain  when  it  is  accessible.  The  indirect  is  to  ascertain  the 
cubical  capacity  of  the  cranium,  and  then  deduce  the  weight  of  the 
brain  that  once  occupied  it.  This  latter  method  is  particularly  appli- 
cable in  the  study  of  the  brains  of  ancient  peoples,  the  skulls  of  which 
have  been  preserved  to  this  time.  The  average  weight  of  the  human 
male  adult  brain  is  1,390  grams.    That  of  the  female  is  1,250  grams. 

The  average  cranial  capacity  of  any  race  can  only  be  determined  by 
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careful  examination  of  a  large  number  of  skulls  classified  according  to 
sex;  for  sex  exercises  a  most  potent  influence  over  cranial  capacity, 
often  exceeding  the  difference  of  ra^'e. 

The  following  are  some  of  the  principal  modifying  conditions  which 
influence  cranial  capacity  and  thence  brain  weight,  viz,  age,  weight  of 
body,  stature,  sex,  race,  vigor  of  intellect,  and  education. 

The  earlier  anatomists  believed  that  the  human  brain  attained  its 
maximum  development  at  7  years  of  age.  We  now  know  that  this  is 
incorrect;  yet  from  extensive  researches  it  has  been  found  that  the 
male  brain  does  actually  reach  five-sixths  of  its  ultimate  weight  by 
the*  end  of  the  seventh  year,  and  in  the  female  ten-elevenths  its  ulti- 
mate weight  at  the  end  of  the  same  period. 

The  .average  weight  of  the  brain  undergoes  a  progressive  increase  up 
to  a  point  between  the  twentieth  and  fortieth  years.  The  greatest  ave- 
rage weight  for  the  male  brain  is  reached  at  from  30  to  40  years. 
Women  reach  the  full  average  bram  weight  from  the  twentieth  to  the 
thirtieth  year. 

There  is  a  slight  diminution  in  weight  from  40  to  50  years  of  age, 
and  a  still  greater  diminution  from  50  to  00  years.  The  rate  of 
decrease  is  much  greater  after  60  years.  In  the  eightieth  year  the 
brain  weight  has  decreased  by  from  80  to  00  grams.  "  In  the  aged, 
brain  weight  and  intelligence  decrease  pari  passu  '^  (Thuruam). 
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It  has  been  truly  said  that  there  are  many  exceptions  to  this  general 
law,  especially  among  people  of  culture  and  learning,  '^  who  often  pre- 
serve to  extreme  old  age  all  the  fullness  and  vigor  of  their  faculties. 

"The  brain  of  such  men,  as  the  late  Prof.  Gratiolet  observes, 
remains  in  a  state  of  ])erpetual  youth,  and  loses  little  or  none  of  the 
weight  which  belonged  to  it  in  the  prime  of  life"  (Thurnam).  The  ratio 
of  brain  weight  to  body  weight  varies.  In  lean  persons  the  ratio  is 
often  as  1:22  to  27;  in  stout  persons  as  1:50  to  100.  The  human  brain 
is  smaller  in  comparison  with  the  body  the  nearer  man  approaches  to 
his  full  growth. 

As  to  stature,  the  weight  of  the  brain,  in  both  sexes,  is  relatively 
smaller  in  short  persons  than  in  tall  ones.  The  difference  between  the 
two  is  about  5  per  cent,  t.  c,  the  brain  of  a  man  of  short  stature  being 
represented  by  95,  that  of  a  tall  man  would  be  100. 

The  average  weight  of  the  adult  male  brain  is  about  10  per  cent 
greater  than  that  of  the  female.  Nor  is  this  difference  due  to  the 
difference  in  stature  of  the  sexes.  The  difference,  as  was  shown  by 
M.  Parchappe,  is  greater  than  can  be  accounted  for  in  this  way. 
While  the  stature  of  woman  is  only  8  per  cent  less  than  that  of  man, 
her  brain  weight  is  10  per  cent  less. 

In  relation  to  this  question  of  the  difference  of  cranial  capacity  due 
to  sex,  it  is  very  interesting  to  note  the  remarkable  fact,  pointed  out 
by  Vogt,  that  the  difference  increases  in  favor  of  the  male  as  the  de- 
velopment of  the  race  proceeds,  so  that  the  male  Euroi^ean  excels 
much  more  the  female  than  the  negro  the  negress. 

In  the  words  of  V^ogt,  "  The  lower  the  state  of  culture,  the  more 
similar  are  the  occupations  of  the  two  sexes.  Among  the  Australians, 
the  Bushmen,  and  other  low  races,  possessing  no  fixed  habitations,  the 
wife  partakes  of  all  her  husband's  toils,  and  has,  in  addition,  the  care 
of  the  progeny.  The  sphere  of  occupation  is  the  same  for  both  sexes; 
whilst  among  civilized  nations  there  is  a  division  both  in  physical  and 
mental  labor.  If  it  be  true  that  every  organ  is  strengthened  by  exer- 
cise, increasing  in  size  and  weight,  it  must  equally  apply  to  the  brain, 
which  must  become  more  develox)ed  by  proper  mental  exercise." 

Le  Bon  has  pointed  out  that  the  difference  existing  between  the 
cranial  capacities  of  the  male  and  female  modern  Parisians  is  aluiost 
double  that  which  obtains  between  the  cranial  capacities  of  the  male 
and  female  inhabit^iuts  of  ancient  Egypt.  These  facts  show  the  iuti 
mate,  and  mutually  reacting,  relations  of  civilization  and  brain  weight; 
advancing  civilization  leading  to  incrensed  development  of  the  braiD, 
and  the  enlarged  brain  making  the  people  capable  of  higher  and 
broader  culture. 

The  average  brain  weight  in  different  races  «)f  men  has  mostly  been 
studied  by  the  indirect  method,  i.  6.,  by  the  investigation  of  cranial 
capacities.  Skulls  having  a  cranial  capacity  of  1350-1450  cubic  centi- 
meters are  classed  as  mesocephalic ;  those  under  1350  cubic  centimeter* 
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are  microceplialic ;   those  above  1450  cubic    centimeters   are  mega- 
cephalic. 

Below  are  given  average  brain  weights  in  male  adults  of  different 
people: 

Grams. 

Scotch  (Peacock) 1,417 

English  (Peacock) 1,388 

English  (BoydO 1,354 

Germans  (Wagner) 1,371 

French  (Parchap^e) 1,358 

Negroes  (Peacock) 1.255 

Thornam  says  that  the  average  brain  weight  of  tlie  male  negro  is 
the  same  as  that  of  the  female  European.     -    -    - 

What  kind  of  brain  weights  are  found  among  men  of  great  mental 
powers  and  acquirements?    The  following  table  will  show: 

Brain  weights  of  distinguished  men  {Thumam). 


Name. 


Occupation. 


Age. !   Weight*. 


Cuvier 

Abercrombic  ... 

Schiller 

Daniel  Webster. 

Agassis 

Do  Morgan 

Grote 

Whewell 

Hennanu 

IIiighcH  Bennett 

Tiedemauu 

Hansman 


Naturalist 

Physician 

Poet 

St.itesman 

Kataralist 

Mathematician 

Historian 

Philosopher 

Philologist 

Physician 

Al»«(omist 

Mineralogist. . . 


Gram*. 

63 

1,830 

64 

1,785 

46 

1,785 

70 

1.516 

66 

1.512 

73 

1.496 

76 

1,410 

71 

1.390 

51 

1,358 

63 

1,332 

80 

1,254 

77 

1,226 



The  above-named  men  have  been  among  the  foremost  representatives 
of  human  intelligence. 

The  list  is  very  interesting,  not  only  from  the  fact  that  it  includes 
some  very  high  brain  weights  (which  we  would  naturally  expect  from 
their  high  intellectual  attainments),  but  also  &om  the  fact  that  it  in- 
cludes brain  weights  of  four  distinguished  men  which  fall  distinctly 
below  the  average  (1390  grams),  even  when  allowance  is  made  for 
atrophy  consequent  upon  age. 

These  facts,  and  many  others  that  can  be  mentioned,  naturally  raise 
the  question,  **Is  there  any  invariable  connection  between  intelligence 
and  mere  weight  or  size  of  brain!"  Before  answering  this  question 
we  desire  to  cite  a  few  additional  facts. 

Very  high  brain  weights  are  not  only  found  among  men  of  great  in- 
tellectual attainments  and  culture,  as  noted  in  the  above  table,  but 
also  among  very  ordinary  sane  individuals  and  among  epileptics  and 
insane  persons.    Dr.  Bucknill  records  a  brain  weight  of  1830  grams  for 
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a  male  epileptic.    This  was  the  brain  weight,  it  will  be  observetl,  of  the 
celebrated  Cuvier. 

Dr.  Spae  records  the  heaviest  female  brain  weight  on  record  that  I 
can  find.  The  patient  was  not  epileptic  but  *•  labored  under  a  mono- 
mania of  pride,"  dying  at  the  age  of  39.  The  brain  had,  for  a  female^ 
the  astounding  weight  of  1743  grams. 

The  heaviest  human  brain  on  record,  as  far  as  I  have  been  able  to 
ascertain,  belonged  to  a  man  who  was  perfectly  sane  and  healthy,  but 
of  very  ordinary  mental  attainments.  The  man* from  whom  it  was 
taken  was  38  years  of  age,  a  bricklayer,  and  died  from  blood  iK)isoning, 
after  a  surgical  operation,  in  a  London  Hospital  in  1849.  Dr.  James 
Norris  says  of  this  brain : 

"The  weight  of  the  brain,  taken  immediately  on  removal,  exceeded 
1945  grains.  This  weighing  was  most  carefully  made,  and  was  wit- 
nessed by  several  students.  The  brain  was  well  proportioned;  the 
convolutions  were  not  flattened,  though  the  surface  was  fairly  moist; 
it  only  lost  about  32  grams  weight  after  the  usual  dissection  and  drain- 
ing for  two  hours.  The  man's  height  was  5  feet  9  inches,  and  he  was 
of  a  robust  frame.  It  was  difficult  to  obtain  any  satisfactory  history 
of  him — his  wife  and  his  landlady  gave  different  accounts.  It  seemed, 
however,  that  he  was  a  native  of  Sussex,  England;  that  he  had  left 
his  native  village  and  changed  his  name  on  account  of  some  X)oachiDg 
troubles ;  that  he  was  not  very  sober ;  had  a  good  memory  and  was  fond 
of  politics.    He  could  neither  read  nor  write."    -    -    - 

How  are  these  facts  to  be  reconciled  with  one  another!    In  this  way. 
It  is  now  universally  held  that  it  is  the  gray  nerve  tissue  in  the  front 
portion  of  the  cerebral  hemi-spheres  (prosencephalon)  that  has  to  do, 
more  particularly,  with  the  intellectual  activities,  the  white  nerve  Jis- 
sue  consisting,  essentially,  of  nerve  threads  that  conduct  impulses  to 
and  from  tlie  gray  matter.    The  nerve  elements,  as  stated  above,  are 
bound  together  and  held  in  place  by  a  form  of  connective  tissue  called 
neuroglia.    The  neuroglia  has  no  connection,  whatever,  w  ith  the  gener- 
ation or  conduction  of  nerve  impulses — it  is  merely  a  supporting  tissue. 
If  this  tissue,  in  consequence  of  disease,  increases  much  in  quantity  it 
may  add  very  much  to  the  weight  of  the  brain — as  occurs  in  epilepti«fr- 
without  increasing  the  gray  matter  which  is  concerned  with  nientHl 
I)rocesses.      In  reality  thi;  increase  of  neuroglia  decreases  the  gray 
matter  and  thus  deteriorates  the  mind. 

Or,  if  there  is  no  increase  in  the  neuroglia,  there  may  be,  with  a  large 
brain,  an  unduly  small  amount  of  gray  cortex  on  ae<50untof  acompara 
ti  vely  small  number  of  fissures  and  convolutions.  Or,  again,  the  cortex 
of  gray  matter  may  not  reach  the  average  thickness.  Or,  the  texture 
of  the  brain  may  be  poor — its  microscopic  elements  feeble  and  poo:ly 
related  and  correlated. 

Thus  it  may  be  understood  that  a  comparatively  small  brain— one 
below  the  average  brain  weight — may  be  capable  of  vastly  finer  and 
better  work  than  a  much  larger  one. 

So,  in  answer  to  the  question,  <' Is  there  any  invariable  connectioD 
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between  intelligence  and  mere  weight  or  size  of  brain!"  we  answer, 
decidedly,  "no." 

Should  the  question  be  asked  whether  a  larger  number  of  mega-ce- 
phalic brains  is  likely  to  be  found  among  races  of  liigli  intelligence  and 
culture,  we  have  the  answer  of  Le  Bon  emphatically  in  the  aiiirmative, 
and  it  is  in  this  direction,  as  Le  Bon  has  taught  us,  that  we  must  look 
for  evidences  of  social  superiority.  As  illustrating  this  proposition, 
the  following  table  of  percentage  of  Le  Bon  will  prove  very  interest- 
ing and  instructive: 

Percentage  of  cranial  capacity  in  different  human  races  {Le  Bon). 


Cranial 
capacity. 


Ouhie  centifneUrt. 

120O-13()0 

1300-1400 

1400-1500 

1500-1600 

1600-1700 

1700-1800 

1800-1900 


Modem 
PHritsiauH. 


0.0 
10.4 
14.3 
46.7 
16.9 
6.5 
5.2 


Pari8iaiiH  of 
;t  lie  twelfth 
century. 


0.0 

7.5 

37.3 

29.8 

20.9 

4.5 

0.0 


Ancient 
EgyptiaiiH. 


0.0 

12.1 

42.5 

36.4 

0.0 

0.0 

0.0 


Nt^gToes. 

AuAtra- 
Hanrt. 

7.4 

45.0 

35.2 

25.0 

33.4 

20.0 

14.7 

10.0 

9.3 

0.0 

0.0 

0.0 

0.0 

0.0 

In  connection  with  this  table  it  is  interesting  to  remember  that  Le 
Bon  says:  **The  cranial  capacity  of  the  gorilla  often  reaches  600  cul^ic 
centimeters,  so  that  it  follows  that  there  are  a  large  number  of  men 
more  allied  by  volume  of  brain  to  the  anthropoid  apes  than  they  are 
to  some  other  men." 

Among  other  things,  this  table  reveals  the  interesting  fact  that  in 
the  course  of  seven  hundred  years  of  advancing  civilization  the  aver- 
age Parisian  cranial  capacity  has  distinctly  increased  in  volume.  -  - 
It  may  be  well  to  state,  in  conclusion,  that  Broca  estimated  that  a 
brain  in  the  male,  weighing  1,049  gi*ams,  is  the  lowest  limit  compati- 
ble with  ordinary  human  intelligence ;  in  the  female  007  grams.  H uinan 
beings  with  brain  weight's  lower  than  Broca's  figures  are  idiots,  etc. 


THE  BIRTH  OF  INVENTION.* 


By  Otis  T.  Mason. 


L  this  apotheosis  of  invention  and  inventors,  to  me  has  been  assigned 
pleasing  task  of  leading  you  back  for  a  few  moments  to  the  cradle 
lumanity.  Those  are  happy  hours  to  most  of  us  when  we  recall  the 
8  of  childhood.  To  trace  the  lives  of  celebrated  men  and  women 
te  springs  of  their  moral  and  intellectual  power  brings  never-fading 
ght.  To  study  the  rise  and  progress  of  a  nation  or  any  social  unit 
orthy  of  exalted  minds.  But  the  most  profitable  inquiry  of  all  is 
search  for  the  origin  of  epoch-making  ideas  in  order  to  comprehend 
history  of  civilization,  to  conjure  up  those  race  memories  in  which 
I  people  transmits  to  itself  and  to  posterity  its  former  experiences, 
very  invention  of  any  importance  is  the  nursery  of  future  inven- 
B,  the  cradle  of  a  sleeping  Hercules.  But  my  task  is  to  speak  of 
nitive  man  and  his  efforts. 

''  will  aid  us  in  prosecuting  our  journey  backward  to  orient  ourselves 
I  reference  to  the  present.  For  two  days  we  have  listened  to  the 
uent  papers  of  my  predecessors,  written  to  glorify  the  nineteenth 
•nry.  Through  this  faculty  of  invention  the  whole  earth  is  man's. 
re  is  not  a  lone  island  fit  for  his  abode  whereon  some  Alexander 
lirk  has  not  made  a  home.  Every  mineral,  plant,  and  animal  is  so 
known  that  a  x)lace  has  been  found  for  it  in  his  Systenia  Naturce, 
ry  creature  is  subject  to  man ;  the  wind  s,  the  seas,  the  sunshine, 
lightning  do  his  bidding.  Projecting  his  vision  beyond  his  tiny 
tet,  this  inventing  animal  has  catalogued  and  traced  the  motion  of 
'y  star, 

Ot  his  crowning  glory  (which  always  fills  me  with  admiration)  is  his 
'  increasing  comprehensiveness.  After  centuries  of  cultivating 
^.aintance  with  the  discrete  x>henomena  around  him,  he  has  now 
^en  to  coordinate  them,  to  make  them  organic,  to  read  system  into 
D.  He  has  learned  by  degrees  to  comprehend  all  things  as  parts  of 
igle  mechanism.  Sir  Isaac  Newton  and  Kepler  conceived  all  objects 
all  worlds  to  be  held  by  universal  gravitation.  And  thus,  in  our 
iiury,  von  Baer  and  Humboldt  taught  that  the  world,  in  all  its  forces 
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and  materials,  is  an  integrated  cosmos.  Anyone  who  is  the  least 
familiar  with  the  progress  of  philosophy  tvill  recall  that  since  the  dawn 
of  written  history  the  thoughts  of  men  were  tending  to  this  unifica- 
tion. Shortly  after  this  first  effort  at  comprehensive  unity  Mayer, 
Bumford,  and  Joule  invented  the  methods  of  demonstrating  the  oneuess 
of  physical  forces,  the  conservation  of  energy.  Wollaston,  Kirehoff, 
and  Bunsen  devised  the  delicate  apparatus  to  prove  the  chemical 
identity  of  all  worlds.  Lamarck,  Geoffroy  St.  Hilaire,  and  Darwin 
taught  the  consanguinity  of  all  living  beings.  Heluiholtz  and  Meyer 
coordinated  nervous  excitation  with  mental  activity.  Comte  and 
Spencer  grasped  the  unity  of  all  sensible  phenomena.  Newton,  Leibnitz^ 
and  Hamilton  projected  their  minds  beyond  phenomena  and  invented 
mathematics  of  four  or  more  dimensions,  conceiving  of  worlds  and  sys 
tems  that  under  the  present  order  of  nature  can  have  no  objective 
reality.  Over  all  this,  into  many  great  souls,  have  come  the  notions  of 
infinite  space  and  time  and  causation.  The  idea  of  limitation  to  thoagbt 
or  achievement  no  longer  enters  the  imagination.  The  depth  of  the 
sea,  the  distances  of  the  stars,  the  concealment  of  the  earth's  treasures, 
the  minuteness  of  the  springs  of  life  and  sense,  the  multiplicity  and 
complicity  of  phenomena  are  only  so  many  incitement*  to  greater 
achievements.  The  daring  souls  of  this  decade  are  determined  at  any 
risk  to  answer  the  inquiry  of  Pontius  Pilate,  What  is  truth!  With 
sympathetic  enthusiasm  we  wave  them  on,  bidding  them  God-speed. 

But,  I  ask  you  now  to  forget  all  this  and  go  with  me  to  that  early 
day  when  the  first  being,  worthy  to  be  called  man,  stood  upon  this 
earth.  How  economical  has  been  his  endowment.  There  is  no  hair  on 
his  body  to  keep  him  warm,  his  jaws  are  the  feeblest  in  the  world,  his 
arm  is  not  equal  to  that  of  a  gorilla,  he  can  not  fly  like  the  eagle,  he 
can  not  see  into  the  night  like  the  owl,  even  the  hare  is  fleeter  than  he. 
He  has  no  clothing,  no  shelter.  He  had  no  tools  or  industries  or 
experience,  no  society  or  language  or  arts  of  pleasure,  he  had  yet  no 
theory  of  life  and  poorer  conceptions  of  the  life  beyond. 

The  road  from  that  condition  to  our  own  lies  next  to  the  infinite. 
The  one  endowment  that  this  creature  possessed  having  in  it  the 
promise  and  i)otency  of  all  future  achievements,  was  the  creative 
spark  called  invention.  The  superabundant  brain,  over  and  above  all 
the  amount  required  for  mere  animal  existence,  held  in  trust  the  possi- 
bilities of  the  future,  and  stamped  upon  man  the  divine  likeness.  This 
naked  ignoramus  is  the  father  of  the  clothed  philosopher,  looking  out 
into  infinite  space  and  time  and  causation.  It  may  give  you  pleasure 
to  know  something  about  the  cx)nnections  between  these  two  and  the 
witnesses  to  these  connections. 

There  are  five  guides  whose  services  we  have  to  engage  on  our  inter- 
esting journey.  The  first  is  history,  who  does  not  know  the  way  very 
far  back — not  over  three  thousand  years — with  much  certainty.  The 
second  is  philology,  the  study  of  which  in  our  own  century  has  ena* 
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bled  lis  to  find  the  cradle-land  of  many  peoples.  The  third  is  folk-lore, 
the  surviv{i4  of  belief  and  custom  among  the  uneducated.  The  fourth 
is  archaeology,  history  written  in  things.  The  fifth  is  ethnology,  which 
inform^  us  that  in  describing  this  arc  of  civilization  some  races  have 
only  marked  time,  while  others  have  moved  with  radi  i  of  varying  lengths. 
The  result  of  this  is  that  we  now  have  on  tlic  earth  types  of  every  sort 
of  cultui'e  it  has  ever  known.  At  the  present  moment,  within  hailing 
distance  of  yonder  most  beautiful  dome  in  the  world  dwell  all  these  wit- 
nesses— the  relics  of  the  stone  age,  the  Indian  village  of  Xacochtank  or 
Auacostia,  the  folk-lore  of  both  continents,  and  the  literatures  of  the 
world.  While  you  are  listening  to  the  encomiums  of  our  decade,  palae- 
olithic man  sends  in  the  testimony  of  his  handicraft,  the  Smithsonian 
Institution  treasures  the  inventions  of  the  most  primitive  races,  and  the 
Bureau  of  Ethnology  unravels  the  mysteries  of  savage  tongues. 

As  the  fragment  of  a  speech  or  song,  a  waking  or  a  sleeping  vision, 
the  dream  of  a  vanished  hand,  a  draught  of  water  from  a  familiar  spring, 
the  almost  perished  fragrance  of  a  pressed  flower,  call  back  the  singer, 
the  loved  and  lost,  the  loved  and  won,  the  home  of  childhood,  or  the 
parting  hour,  so  in  the  same  manner  there  linger  in  this  crowning 
decade  of  the  crowning  century  bits  of  ancient  ingenuity  which  recall 
to  a  whole  i)eople  the  fragran(!e  and  beauty  of  its  past. 

From  the  testimony  of  these  five  witnesses  we  learn  that  there  never 
was  a  time  when  man  was  not  an  inventor — never  a  time  when  he  had 
not  some  sort  of  patent  on  his  invention.  They  affirm  that  every  art 
of  living  and  all  the  arts  of  pleasure  were  born  in  the  stone  age;  ttiat 
graphic  art,  sculi)ture,  architecture,  painting,  music,  and  the  drama 
had  their  childish  prototypes  in  that  early  day;  that  language  is  one 
of  the  very  earliest  of  inventions,  the  vehicle  of  savage  oratory,  philos- 
ophy, and  science.  They  affirm  that  society  has  been  a  series  of  inven- 
tions from  the  first;  that  legislation,  justice,  government,  property, 
exchange,  commerce,  have  not  sprung  out  of  the  ground,  but  within  our 
definition  are  inventions.  And  even  the  creeds  and  cults  of  mankind, 
whatever  view  you  may  take  of  the  divine  element  underneath  them, 
have  been  thought  out  and  wrought  out  with  infinite  pains  from  time 
to  time  by  earnest  souls.  Butthey  had  their  origin  in  thecradleland  and 
in  the  infancy  of  our  race.  What  we  enjoy  is  only  the  full-blown  flower, 
the  i^erfected  fruit  of  which  they  possessed  the  germ.  Let  me  enforce 
this  idea,  as  we  glorify  the  material  prosperity  of  the  nineteenth  cen- 
tury, that  many  centuries  ago  men  sat  down  and  with  great  pains  and 
sorrow  invented  the  language,  the  art,  the  industries,  the  social  order 
which  made  our  machines  feasible  and  desirable. 

There  is  no  conflict  between  the  testimony  of  these  witnesses  and  the 
doctrine  commonly  taught  that  men  do  not  invent  customs  and  lan- 
guages, but  fall  into  them.  Reflect  a  moment  upon  your  own  daily 
life  and  you  will  recognize  two  sets  of  activity,  those  which  you  origi- 
nate and  those  in  which  you  follow  suit.    Animals  can  learn  to  follow 
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suit,  aud  to  a  very  limited  extent  can  originate.  But  it  is  the  spark 
of  originality  which  underlies  every  thought  or  device  in  this  world. 
As  one  man  invents  a  maehine  and  others  by  thousands  fall  into  the 
use  of  it,  as  tbe  musician  composes  a  song  aud  millions  sing  it,  90  was 
it  in  the  cradle-land  of  humanity  the  inventor,  touched  with  fire  from 
the  divine  altar,  set  new  examples  to  be  followed.  If  we  were  to  inter- 
rogate our  five  witnesses,  particularly  with  reference  to  the  ancesti}', 
the  family  tree  of  the  notable  inventions  of  the  nineteenth  century, 
their  answer  would  be  somewhat  as  follows:* 

The  ancestor  of  the  steam  plow  is  the  digging  stick  of  savagery,  a 
branch  of  a  tree  sharpened  at  the  end  by  fire;  the  progenitors  of  tbe 
steam  liarvester  and  thresher  were  the  stone  sickle,  the  roasting  tray, 
or,  later  on,  the  tribulum. 

The  cotton  gin  and  power  loom  are  among  the  wonders  of  our  age. 
Yet  in  that  day  of  which  we  are  speaking  human  fingers  wrought  the 
textile  from  first  to  last.  They  gathered  the  bark  or  wool,  colored 
them  to  suit  the  primitive  taste,  spun  and  wove  them  with  simple 
apparatus,  and  left  upon  the  fabric  patterns  that  are  the  despair  of  all 
modern  machine-makers — ^patterns  that  are  a  pleasure  to  the  eye  by 
their  infinite  variety,  replaced  in  modern  fabrics  by  a  dreary  monotony 
that  awakens  pain  instead  of  pleasure. 

The  first  sewing  machine  was  a  needle  or  bodkin  of  bone^  with  dainty 
sinew  thread  from  the  leg  of  the  antelope,  and  for  thimble  a  little 
leather  cap  over  the  ends  of  the  fingers.  Coarse,  indeed,  the  appara- 
tus, but  the  hand  was  deft,  the  eye  was  true,  the  sense  of  beauty  \ntf 
there,  and  so  that  needlewoman  of  long  ago  wrought  in  fur  from  the 
mammals,  feathers  from  the  birds,  grasses  from  the  fields,  shells  from 
the  sea,  wings  from  the  beetle,  and  skins  of  snakes  with  tast^fol 
geometric  figures.  You  do  err  who  think  those  ancient  needle-women 
had  no  taste.  It  would  be  hard  to  invent  a  pattern  now  that  was 
unfamiliar  to  them. 

The  first  engine  was  run  by  man  power,  then  man  subdued  the  horse, 
the  ass,  the  camel,  and  invented  engines  for  those  to  proi)eL  He  next 
domesticated  the  winds,  the  waters,  the  steam,  the  lightning,  but  tbe 
flrst  common  carriers  and  machine  power  were  men  and  women.  The 
first  burden  train  was  women's  backs;  the  first  passenger  car  wjus  a 
papoose  frame. 

The  poetry  of  to-day  is  the  fact  of  yesterday;  the  dream  of  yesterday 
is  the  fact  of  to-day.  When  the  savage  woman  a  century  or  two  ago, 
upon  this  very  spot,  strapped  her  dusky  offspring  to  a  rude  frame,  bang 
it  upon  the  nearest  sapling  for  the  winds  to  rock,  or  lifted  the  iinfor- 


*  We  ought  to  remember,  however,  that  «n  invention  is  not  always  a  thing;  bnt 
that  it  may  be  any  series  of  actions  conducing  to wai  d  some  new  end.  We  shoold  keep 
in  mind,  also,  that  all  our  activities  involve  materials  and  their  qualities;  hamAD< 
animal,  and  physical  forces;  tools  and  machines;  processes,  and  products;  and  thai 
invention  may  take  place  in  any  or  all  of  th99e. 
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tunate  suckling  from  the  ground  to  Avhicli  it  had  been  huned  by  the 
bending  of  an  unsafe  bough,  that  was  a  fact,  a  stage  in  the  history  of 
invention.  In  our  nowadays  couches  of  down,  swung  from  gilded 
hinges,  we  have  got  far  ahead  of  the  papoose  cradle,  the  memory  of 
which  we  perjietuate  in  nursery  rhymes  sung  to  children,  who  wonder 
why  babies  should  be  hung  in  the  tops  of  trees  and  think,  doubtless, 
that  the  falling  cradle  was  a  just  retribution  on  the  silly  parents. 

What  is  more  beautiful  than  an  ocean  steamer,  with  skin  of  steel 
drawn  over  ribs  of  steel  and  closed  above  against  the  intrusion  of  the 
waves?  Have  you  never  seen  the  picture  of  the  Eskimo,  still  in  the 
stone  age,  who,  over  a  framework  of  driftwood  or  whale's  rib,  stretches 
a  covering  of  sealskin  and  learned  therein  to  defy  the  waves  hundreds 
of  years  ago! 

Only  now  and  then  tlie  angry  sky  was  lighted  for  the  primitive  man 
by  electricity,  and  even  then  it  filled  him  with  terror.  But  it  was  he 
tliat  invented  the  apparatus  for  conjuring  from  dried  wood,  by  a  rude 
sort  of  d^'namo,  the  Promethean  spark.  It  was  our  Aryan  ancestors 
that  paid  their  devotions  to  the  rising  sun  by  kindling  fresh  fire  every 
morning  as  the  orb  of  day  flashed  his  first  beam  across  the  eartb. 

Who  has  not  read,  with  almost  breaking  heart,  the  story  of  Palissy, 
the  Huguenot  potter!  But  what  have  our  witnesses  to  say  of  that 
long  line  of  humble  creatures  that  conjured  out  of  prophetic  clay,  with- 
out wheel  or  furnace,  forms  and  decorations  of  imperishable  beauty 
which  are  now  being  copied  in  glorified  material  in  the  best  factories  of 
the  world!  In  ceramic  as  well  as  in  textile  art  the  first  inventors  were 
women.  They  quarried  the  clay,  manipulated  it,  constructed  and 
decorated  the  ware,  burned  it  in  a  rude  furnace,  and  wore  it  out  in  a 
hundred  uses. 

He  had  no  printing  press,  but  he  could  tie  knots  in  a  marvellous 
fashion  and  write  letters  on  bark  or  on  bits  of  raw  hide  and  leave 
memorials  of  himself  in  the  book  of  stone.  He  made  words  and  sen- 
tences, invented  language,  developed  artistic  forms  of  speech  handed 
down  to  us  in  the  eloquent  harangues  of  his  sages.  He  breathed  his 
thoughts  in  poetry,  a  kind  of  childish  rhythm. 

In  the  time  of  which  we  now  are  speaking  the  telegraph  was  a  series 
of  signal  fires  and  a  wonderful  code  of  signs,  which  a  distinguished 
scholar  of  our  city  has  just  unravelled. 

Primitive  man  developed  the  art  of  war,  means  of  offense  and 
defense;  weapons  of  percussion,  for  cutting  and  thrusting;  projectiles, 
armor,  fortification,  strategy. 

J^owhere  has  man  pressed  his  hand  so  effectively  upon  nature  as  in 
the  domestication  of  animals.  It  is  almost  incredible  that  ravening 
wolves  and  merciless  felines  should  become  faithful  dogs  and  purri}ig 
cats;  that  the  wild  sheep  and  goat  should  descend  from  their  inaxxjes- 
aible  fastnesses,  and  yield  their  fleece  and  flesh  and  milk;  that  horses, 
asses^  camels,  elephants,  should  be  induced  to  lend  their  backs  and 
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limbs  to  lighten  the  loads  of  the  first  common  carrier.  This  processor 
impressing  his  own  (qualities  on  wild  creatures  began  very  early  in  his- 
tory, and  has  continued  uniterruptedly  from  first  to  last.* 

His  affairs  of  state  were  managed  through  his  patent  system.  The 
great  inventors  were  made  the  rulers  of  the  people,  and  his  highest 
title  to  nobility  was  a  most  puissant  and  ingenious  one. 

He  had  courts  of  justice,  heard  witnesses,  executed  his  laws.  It  is 
true  that  the  methods  were  summary,  when  a  chancery  suit  was  settled 
by  execution  on  the  same  day  as  the  death  of  the  devisor.  But  out  of 
his  struggles  came  our  methods,  and  the  grejitest  drawback  to  secur- 
ing justice  now  is  the  survival  ot  his  antiquated  customs  into  our  new 
practices. 

He  invented  philosophies  and  sciences,  explained  the  universe  and 
himself  to  himself.  This  seems  puerile  now,  but  it  was  the  beginning 
of  all  our  own  speculations,  necessary  to  us  at  present,  but  wliich  will 
to-morrow  become  folk-lore.  Over  and  over  again,  those  who  preceded 
me  on  this  platform  have  pointed  to  James  Watt  as  the  true  deliverer 
of  mankind.  Far  be  it  from  me  to  take  one  leaf  from  his  laurel  crown; 
but  the  inventor  of  the  alphabet,  of  the  decimal  system  of  notation, 
of  representative  government,  of  the  golden  rule  in  morality  were 
gieater  than  he. 

For  the  dream  in  stone  and  carving  and  decoration  called  a  cathedral, 

'^  Where,  through  long-drawn  aisle  and  fretted  vaalt. 
The  pealing  anthem  swellB  the  notes  of  praise/' 

that  early  day  has  only  to  offer  wild  shouts  in  unison  under  the  starlit 
dome,  touched  by  the  first  childjsh  a^spirations  after  the  divine,  or 
hopes  of  immortality. 

While  you  look  with  admiration  upon  these  panoramas  of  progress 
you  can  not  have  failed  to  observe  on  the  canvas  that  the  art,  the  proc- 
ess and  rewards  of  inventing  itself,  have  undergone  the  very  same 
development  and  improvement  as  the  things  invented.  There  is  in  this 
a  marvellous  similarity  to  the  life  processes  of  animals  and  plants.  The 
homogeneous  yolk  of  the  egg  during  incubation  becomes  wonderfully 
complex  and  heterogeneous ;  but  all  of  these  diverse  parts  come  together 
into  a  higher  unity,  in  which  each  organ  ministers  to  the  good  of  all. 


*In  a  Saturday  lecture  delivered  in  the  National  Museum,  March  IS,  1882,  the 
author  sought  to  combine  the  result  of  Morgan's  culture  stages,  being  seven,  with 
the  work  of  Klemtu,  Tylor,  Lane  Fox,  and  Spencer,  who  had  treated  separate  arts 
A'oni  an  evolutionary  or,  I  should  say,  an  inventional  motive.  This  any  one  may 
repeat  for  himself  by  ruling  a  broad  sheet  of  paper  into  eight  columns.  At  the  top 
of  the  several  columns  write  the  words  of  Morgan,  or,  better,  the  first<eeveii  Roman 
numerals.  In  the^.  lines  down  the  left-hand  margin  write  any  words  yon  choose  to 
examine,  say  music  or  weapons.  The  seven  stages  of  music  or  of  weapons  would 
ap])ear  by  reading  across  the  sheet  from  left  to  right.  Care  should  be  taken  not  to 
confound  the  species  of  the  same  thought,  for  example,  bruising,  piercing,  or  slash- 
ing weapons;  or  string  music,  with  reed  music  or  bom  music.  A  table  made  thus 
for  all  activities  would  be  an  index  of  all  culture  in  all  time. 
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The  earliest  invention  was  a  single  homogeneous  act,  an  original  sugges- 
tion, a  happy  thought.  The  patent  on  this  was  an  immediate  and  indi- 
vidual benefit.  A  sharper  knife  of  flint,  a  better  scraper,  a  longer 
spear,  a  stouter  tliread  wrought  better  and  the  reward  was  more  exe- 
cution. Now,  the  man  who  made  the  best  weapons  killed  the  most 
game,  from  that  game  he  got  better  food,  that  food  made  him  stronger, 
that  strength  made  him  chief,  that  chieftaincy  gave  him  more  wives, 
more  children,  more  cohorts  to  support  his  throne.  The  best  woman 
to  cook  or  sew  or  carry  loads  got  the  bast  husband ;  that  was  her  pat- 
ent. From  these  simple  methods  of  inventing  and  rewarding  invention 
we  come  on  to  the  Olympic  games,  the  monopolies,  tlie  patent  system. 
And  now,  in  the  inventor's  laboratory  of  Graham,  Bell,  or  Edison  the 
climax  is  reached,  where  one  machine  is  the  co-operative  result  of  any 
number  of  trained  minds,  and  the  reward  is  meted  out  to  each  by  the 
manufacturer;  or,  in  this  Patent  Congress  itself,  we  may  have  a  still 
more  highly  organized  unit,  wherein  the  inventors  of  America  become  a 
body  social,  and  together  shake  hands  under  the  sea  with  the  Emperor 
of  Germany,  who  sen<1s  his  congratulations  to-day  on  the  occasion  of 
our  meeting. 

The  law  of  progress  in  the  development  of  the  thing  invented,  of  the 
process  of  mind  and  hand  in  the  act  of  inventing,  of  the  reward  i)aid 
to  the  inventor,  of  the  changes  in  society  itself  through  the  invention, 
is  from  the  homogeneous  to  the  heterogeneous,  as  Herbert  Spencer  has 
well  indicated.  This  applies  to  the  uses  of  materials,  the  conquest  of 
natural  forces,  the  development  of  the  qualities  of  things,  the  perfec- 
tion of  the  instruments  and  modes  of  applying  them,  and  the  wants 
which  are  gratified  and  to  be  gratified  by  the  finished  products. 

The  great  classes  of  industry  that  you  are  trying  ever  to  serve  are 
one  and  all  your  perpetual  debtors.  Producers,  like  farmers,  fisher- 
men, lumbermen,  miners,  breeders,  or  hunters,  have  passed  through  the 
foregoing  school  of  experience. 

No  less  indebted  to  you  for  lifting  their  burdens  are  the  common 
carriers  of  the  world,  since  you  have  trained  the  winds,  the  waters,  the 
animal  kingdom,  to  undertake  for  mankind  journeys  that  would 
have  utterly  discouraged  them.  It  is  easy  to  show,  in  fact,  that  the 
common  carrying  organizations  are  as  much  an  evolution  or  elaboration 
as  the  tools  they  use. 

But  what  shall  I  say  of  the  manufacturer — his  methods,  his  rewards, 
his  guilds,  his  interest  in  politics?  Pari  passu  with  those  efficient 
tools,  that  complicated  machinery  in  his  hands  and  about  him,  he  him- 
self has  been  invented.  He  is  no  longer  like  the  primitive  artisan  who 
struck  the  first  flakes  from  brittle  stone.  He  is  in  touch  with  many 
others,  who  together  with  him  constitute  the  higher  unit  of  an  organized 
factory  or  association  of  factories.  It  was  once  said  that  it  takes  nine 
tailors  to  make  a  man,  but,  surely,  it  takes  nine  hundred  men  and 
women  to  make  a  suit  of  clothes,  or  a  house,  or  a  locomotive.  The 
H.  Mis.  114 39 
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co-ordiuatiou  and  organization  of  tliese  industrial  cohorts^  I  affirm  aud 
repeat,  is  invention  of  the  highest  order.  There  are  no  letters  patent 
on  them.  They  enjoy  natural  patents,  that  is,  by  selection  and  the 
survival  of  the  fittest;  those  who  do  the  best  and  work  together  the 
best,  get  the  reward. 

The  commerce  of  the  world  is  an  excellent  example  of  invention 
affecting  men  as  well  as  their  tools.    Merchants  and  bankers,  ex 
changers  of  goods  and  exchangers  of  the  prices  of  goods,  have  been 
also  invented.    It  would  hardly  be  affirmed  that  this  world-encircling 
current  of  activity  called  trade  had  come  about  by  merely  following 
suit  or  following  the  fashion.    Were  that  so.  Wall  street  bankers  and 
New  York  merchants  would  now  be  standing  naked  on  the  shores 
of  Manhattan  Island  bartering  peltries  for  clams.    Patent  Congresses 
would  never  have  been  thought  of,  and  this  essay  would  not  have  been 
written.    At  first  every  man  was  his  own  exploiter,  carrier,  manu£M- 
turer,  merchant,  banker,  and  customer.    But  now  all  men  are  servants 
of  all  men.    By  a  system  of  credits  only  one  one-thousandth  part  of 
the  world's  business  is  done  for  cash  or  barter.    The  human  species, 
regardless  of  race  or  language  or  education,  has  become  a  universal  com- 
bine for  mutual  helpfulness.    And  this  combine  has  more  parts  playing 
into  parts  and  wheels  working  into  wheels  than  may  be  seen  in  a  vast 
cotton  factory.    All  this  is  the  result  of  excogitation,  of  invention.    The 
trader  is  the  son  of  the  trapper,  the  storekeeper  is  the  son  of  tlie 
trader.    In  the  direct  line  come  the  retailer,  the  wholesaler,  the  firm, 
the  importer,  the  trust.    The  gatherer  of  cowries  is  the  father  of  the 
wampum  maker,  and  the  son  of  the  latter  is  maker  of  metallic  slugs 
bearing  the  stamp  of  a  domestic  beast;  his  son  issued  the  first  coins, 
and  the  family  tree  brings  you  straight  down  to  the  Rothschilds,  who 
have  handled  at  least  once  all  the  money  of  the  world. 

Now,  what  have  I  to  say  about  the  consumer,  who,  after  all,  is  said 
by  doctrinaires  to  pay  all  the  bills!  The  consumer  also  has  been 
invented,  from  my  point  of  view.  The  first  consumer  wore  out  little 
clothing,  dwelt  in  an  inexpensive  habitation,  and  his  bill  of  fare  wa.«5 
limited.  His  service,  equipage,  variety  of  enjoyments,  were  circum- 
scribed. Can  you  think  of  any  one  so  bereft  f  In  our  cities,  if  we  found 
wandering  about  a  person  so  poorly  endowed,  our  hearts  would  be  filled 
with  commiseration.  Now,  from  that  man  to  any  successful  modern,or 
more  correctly  to  our  whole  modern  time  combined,  is  the  road  along 
which  consumers  have  been  invented.  The  kinds  of  wants  have  been 
refined  and  increased  in  number.  Each  want  has  become  more  exacting 
and  discriminating.  Intellectual,  social,  aesthetic,  moral,  and  political 
wants  have  been  created.  And  these,  not  in  single  persons  only,  but 
there  have  been  composite  wants,  world-embracing  wants  and  ambi- 
tions thought  out,  whose  gratification  come  to  human  beings  in  families, 
clubs,  guilds,  corporations,  cities,  congresses,  nationalities,  and  intenia 
tionalities.  And  these,  consuming  what  they  have  pro<iuced,  find  that 
the  earth  is  inexhaustible. 
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We  are  assembled  to  glorify  the  first  century  of  American  patents. 
A  few  months  ago  the  disciples  of  Baguerre  met  in  our  city  and  set  up 
in  the  National  Museum  a  monument  to  the  inventor  of  photography. 
I  do  not  know  that  there  is  another  memorial  in  America  to  an 
inventor.  There  is  no  better  way  to  insure  for  posterity  the  recollec- 
tion of  this  day  than  by  stimulating  among  the  great  industries  the 
desire  to  continue  this  good  work  of  memorializing  their  founders. 
Perhaps  you  may  not  build  your  monument  of  stone  or  bronze;  you 
may  set  up  a  library,  you  may  solicit  a  corner  in  the  National  Museum 
or  Congressional  Library,  or  you  may  secure  a  better  Patent  building. 

In  our  public  places  we  set  up  statues  of  the  destroyers  of  mankind 
and  erect  monuments  in  our  national  cemeteries  to  the  anonymous 
dead.  When  we  go  to  hang  garlands  upon  the  eulogium-bearing 
tombs  we  do  not  forget  to  scatter  flowers  upon  the  mausoleum  of  the 
miknowu. 

We  can  not  gather  from  the  four  corners  of  the  world  the  bones  of  all 
the  great  inventors  and  honor  them  with  a  costly  buriaL  Even  their 
names  have  perished  from  the  records  of  mankind,  but  their  works 
endure.  What  better  can  we  do  than  to  gather  these  and  guard  them 
in  our  great  museums,  mute  witnesses  of  antiquate<l  arts.  I  can  imag- 
ine these  anonymous  inventors  looking  upon  us  to-day  and  glad  of  this 
tardy  recognition  of  their  vicarious  sufferings. 

With  loving  reccoUection  of  your  labors  I  pluck  a  flower  from  my 
heart  and  strew  its  petals  over  your  neglected  graves: 

lu  freta  diim  fluvii  carrent,  dum  montibas  umbrue 
bistrabunt  eonvexa,  polus  dam  sidcra  pascet^ 
semper  hoaos  nomenque  tnnm  laiidesque  manebiint, 
quas  me  ciimque  vocant  terraj.  JSneid,  /,  607. 
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AMERICAN  INVENTIOKS  AND  DISCOVERIES  IN  MEDICINE, 
SURGERY,  AND  PRACTICAL  SANITATION.* 


By  John  S.  Billings,  M.  D. 


In  connection  with  this  celebration  of  a  century's  work  of  the  Amer- 
can  patent  system,  I  have  been  requested  by  the  adyisory  committee 
to  prepare  a  brief  paper  upon  inventions  and  discoveries  in  medicine, 
surgery,  and  practical  sanitation,  with  special  reference  to  the  progress 
that  has  been  made  in  this  country  in  these  branches  of  science  and  art. 

It«would  be  impossible  to  present  on  this  occasion  such  a  summary 
as  would  be  of  any  special  interest  or  use,  of  the  progress  which  has 
been  made  in  medicine  and  sanitation  during  the  century,  either  by 
the  world  at  large  or  by  American  physicians  and  sanitarians  in  par- 
ticular; and  I  shall  therefore  confine  my  remarks  mainly  to  the  progress 
which  has  been  made  in  these  branches  in  connection  with  mechanical 
inventions  and  new  chemical'  combinations  devised  by  American 
inventors — which  will  require  much  less  time. 

The  application  of  the  patent  system  to  medicine  in  this  country  has 
had  its  advantages  for  certain  people,  has  given  employment  to  a  con- 
siderable amount  of  capital  in  production  (and  to  a  much  larger  amount 
in  advertising),  has  contributed  materially  to  the  revenues  of  the  Gov- 
ernment, and  has  made  a  great  deal  of  work  for  the  medical  profession. 

So  far  as  I  know,  but  one  complete  system  of  medicine  has  been  pat- 
ented in  this  country,  and  that  was  the  steam,  Cayenne  pepper,  and 
lobelia  system— Kjommonly  known  as  Thorn sonianism — to  which  a  patent 
was  granted  in  1836.  The  right  to  practice  this  system,  with  a  book 
describing  the  methods,  was  sold  by  the  patentee  for  $20,  and  perhaps 
some  of  you  may  have  some  reminisceneea  of  it  connected  with  your  boy- 
ish days.  I  am  certain  I  shall  never  forget  the  effects  of  "composition 
powder,'' or  of  ^'number  six,"  which  was  essentially  a  concentrated 
tincture  of  Cayenne  pepper,  and  one  dose  of  which  was  enough  to  make 
a  boy  willing  to  go  to  school  for  a  month. 

From  a  report  made  by  the  Commissioner  of  Patents  in  1849,  it  appears 
that  S6  patents  for  medicines  had  been  granted  up  to  that  date;  but 

*Ad  addresH  on  the  occasion  of  the  centennial  celebration  of  the  organization  of 
the  U.  S.  Patent  Office*  delivered  in  Washington.  Proceedhigs  and  Addresaes,  1891, 
pp.  413-422. 
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the  specificatioDs  of  inunt  of  those  issued  before  1S;^6  liatl  been  lost  by 
fire.  Tlie  greater  number  {\f  patents  for  medicines  were  issued  between 
1850  and  18G().  The  total  mimber  of  patents  granted  for  medicines 
during  the  last  decade  (188()-1800)  is  540.* 

This,  however,  applies  only  to  "patent  medicines,'- properly  so  called, 
the  claims  for  which  are,  for  tlje  most  part,  presented  by  simple-minded 
men  who  know  very  little  of  the  ways  of  the  world.  A  patent  requires 
a  full  and  unreserved  disclosure  of  the  recipe,  and  the  mode  of  com- 
l)ounding  the  same,  for  the  i)ublic  benefit  when  the  term  of  the  x>atent 
shall  have  expired ;  and  the  Commissioner  of  Patents  may,  if  he  chooses, 
require  the  applicant  t-o  furnish  specimens  of  the  conipoaition  and  of  its 
ingredients,  sufficient  in  quantity  for  the  purpose  of  experiment.  The 
law,  however,  does  not  re(iuire  the  applicant  to  furnish  patients  to  he 
experimented  on,  and  this  may  be  the  reason  why  the  GomniissioDer 
has  never  demanded  samples  of  the  ingredients.  By  far  the  greater 
number  of  the  owners  of  panaceas  and  nostrums  are  too  shrewd  to  thus 
I)ublish  their  secrets,  for  they  can  attain  their  purpose  much  better 
under  the  law  for  registering  trademarks  and  labels,  designs  for  bot- 
tles and  packages,  and  copyrights  of  printed  matter,  which  are  less 
(5ostly,  and  do  not  reveal  the  arcanum. 

These  proprietary  medicines  constitute^,  the  great  bulk  of  what  the 
public  call  "patent  medicines," 

The  trade  in  patent  and  secret  remedies  has  been,  and  still  is,  an 
important  one.  We  are  a  bitters-and  pill-taking  people;  in  the  fried 
pork  and  saleratus  biscuit  regions  the  demand  for  such  medicines  is 
unfailing,  but  everywhere  they  are  found.  I  suppose  the  chief  con- 
siimption  of  them  is  by  women  and  children — ^with  a  fair  allow^ance  of 
clergymen,  if  we  may  judge  from  the  printed  testimonials.  I  sampled 
a  good  many  of  them  myself  when  I  was  a  boy.  Of  course,  these 
remarks  do  not  apply  to  bitters.  One  of  the  latest  patents  is  for  a 
device  to  wash  pills  rapidly  down  the  throat. 

According  to  the  census  of  1880  there  were  in  the  United  States  592 
establishments  devoted  to  the  manufacture  of  drugs  and  chemicals,  the 
capital  invested  being  $28,598,458,  and  the  annual  value  of  the  product 
$38,173,658,  while  there  were  563  establishments  devoted  to  the  man- 
ufacture of  patent  medicines  and  compounds,  the  capital  invested 
being  $10,620,880,  and  the  value  of  the  product,  $14,682,494.1 

A  patent  automatic  doctor,  on  the  principle  of  "  put  a  quarter  in  the 
slot  and  take  out  the  pill  which  suits  your  case,"  has  been  proposed, 
but  this  patent  is  said  to  be  of  Dutch  and  not  of  American  origin.  The 
idea  of  this  may  have  come  from  Japan,  for  an  old  medicine  case  fix>m 
that  country  which  I  possess  has  four  compartments  filled  with  pills, 
and  the  label  says  that  those  in  the  first  compartment  are  good  for  all 

*  For  these  figures,  and  other  data  used  in  this  paper  I  am  indebted  to  uiy  friend 
Mr.  H.  H.  Bates,  Examiner  in  Chief,  in  the  Patent  Office, 
f  See  the  Lancet,  October  5, 1889,  p.  683. 
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diseases  ot'tlie  bead,  those  in  the  second  for  all  diseases  of  tlie  body^ 
those  in  the  third  for  all  diseases  of  the  limbs,  and  those  in  the  fourth 
01  e  a  sure  vermifuge. 

From  the  commercial  and  industrial  jioint  of  Aiew  the  great  impor- 
tance of  patent  and  i)roprietary  medicines  is  connected  with  advertising. 
The  problem  is  to  induce  people  to  pay  25  cents  for  the  liver-encourag- 
ing, silent-perambulating,  family  pills,  which  cost  3  cents.  Some  day 
I  hope  that  the  modern  professional  expert  in  advertising  will  favor  us 
with  his  views  as  to  the  nature  and  chanict^r  of  those  people  who  were 
induced  to  buy  »Tones's  liver  pills  or  Slow's  specific  by  means  of  a  huge 
display  of  these  names  <m  the  sides  and  roofs  of  barns  and  outbuild- 
ings, which  display  forms  such  a  prominent  feature  in  many  of  our 
American  landscapes,  as  seen  by  the  traveller  on  the  railway.  I  sup- 
pose there  must  be  such  people,  for  I  have  a  high  estimate  of  the  busi- 
ness shrewdness  of  the  men  who  pay  for  these  abominations.  I  should 
also  like  to  know  how  nuich  a  farmer  gets  for  allowing  his  buildings  to 
be  thus  defaced.  He  must  be  hard-up ;  indeed  such  a  disi)lay  indicates 
that  the  place  is  probably  mortgaged  and  that  the  poor  man  is  heavily 
in  debt. 

Even  the  soap  advertisers  are  not  as  guilty  as  the  nostrum-makers 
in  this  particular  style  of  nuisance,  although  they  far  exceed  them 
in  viciousness  when  it  comes  to  applying  art  to  ignoble  purposes.  The 
connection  between  progress  in  medicine  and  soap  advertisements  may 
not  be  clear  to  you;  but  it  exists  nevertheless,  for  many  of  these  soaps 
make  work  for  the  doctors  by  producing  skin  troubles. 

Upon  the  whole,  I  should  think  that  the  number  of  people  who  would 
take  some  trouble  to  avoid  purchasing  an  article  which  is  thus  adver- 
tised must  be  rapidly  increasing,  so  that  such  displays  will  soon  be  no 
longer  profitable.  The  great  importance  of  advertising  does  not  relate 
to  the  placard  or  chromo  business,  but  to  its  relations  to  periodical 
literature — to  the  daily  and  weekly  press  and  the  monthly  magazines 
and  journals. 

To  the  establishment  and  support  of  some  of  our  newspapers  and 
journals,  medical  as  well  as  others,  these  proprietary  and  secret  medi- 
cines, cosmetics,  food  preparations,  etc.,  have  no  doubt  contributed 
largely. 

I  am  sorry  to  say  that  I  have  been  unable  to  obtain  definite  informa- 
tion as  to  the  direct  benefits  which  inventions  of  this  kind  have  con- 
ferred on  the  public  in  the  way  of  the  cure  of  disease  or  preventing 
death.  Among  the  questions  which  were  not  put  in  the  schedules  of 
the  last  census  were  the  following,  namely:  Did  you  ever  take  any 
patent  or  proprietary  medicine!  If  so,  what  and  how  much,  and  what 
was»the  result!  Some  very  remarkable  statistics  would  no  doubt  have 
been  obtained  had  this  inquiry  been  made.  I  can  only  say  that  I  know 
of  but  four  secret  remedies  which  have  been  really  valuable  additions 
to  the  resources  of  practical  medicine,  and  the  composition  of  all  these 
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is  now  known.  These  four  are  all  powerful  and  dangerous,  and  should 
only  be  used  on  the  advice  of  a  skilled  physician.  Most  of  such  reme- 
dies have  little  value  as  curative  agents,  and  some  of  them  are  i>repared 
and  purchased  almost  exclusively  for  immoral  or  criminal  purposes. 

In  France  the  sale  of  secret  and  patent  medicines  is  not  allowed 
unless  they  have  been  examined  and  approved  by  the  National  Academy 
of  Medicine,  and  the  same  general  rule  holds  good  in  Italy  and  Spain. 

The  Japanese  have  followed  the  French  method,  and  their  experience 
is  interesting.  The  Central  Sanitary  Bureau  established  a  public  lab 
oratory  for  the  analysis  of  chemicals  as  a  medicine.  The  proprietors  of 
each  of  such  medicines  were  bound  to  present  samples,  and  the  names 
and  proportions  of  the  ingredients,  directions  for  its  use,  and  explana- 
tions of  its  supi)osed  efficacy.  According  to  a  report  in  the  BritUh 
Medical  Journal^  during  the  first  year  there  were  11,904  ax)plicants  for 
license  to  prepare  and  sell  148,091  patent  and  secret  medicines.  Per- 
mission for  the  preparation  and  sale  of  58,638  different  kinds  were 
granted,  8,592  were  prohibited,  9,918  were  ordered  to  be  discounte- 
nanced, and  70,943  remained  to  be  reported  on.  The  great  majority  of 
those  which  .were  authorized  were  of  no  efficacy,  but  few  being  reme. 
dial  agents  5  but  their  sale  was  not  prohibited,  as  they  were  not  found 
to  be  dangerous  to  the  health  of  the  people.*  I  do  not  vouch  for  these 
figures,  which  throw  our  records  entirely  in  the  shade. 

In  1849  a  special  committee  of  the  U.  S.  House  of  Kejiresentatives 
reported  to  the  House  a  bill  to  prevent  the  patenting  of  medicines, 
accompanied  by  a  report.  This  bill  provided  that  aft^r  the  passage 
of  the  act  letters  patent  shall  not  be  granted  for  any  article  whatever 
as  a  medicine,  provided  that  this  shall  not  apply  to  machines,  instin- 
ments,  or  apparatus.  When  the  matter  came  before  the  House  for 
consideration  the  bill  was  laid  on  the  table,  t 

You  are  all  aware  that  the  great  majority  of  the  medical  profession 
consider  it  to  be  improper  and  discreditable  for  a  physician  to  patent  a 
remedy.  The  medical  code  of  ethics  declares  that  it  is  derogatory  to 
professional  character  "for  a  physican  to  hold  a  patent  for  any  surgical 
instrument  or  medicine;  or  to  dispense  a  secret  nostrum  whether  it  be 
the  composition  or  exclusive  property  of  himself  or  others.  For  if  sucli 
nostrum  be  of  real  efficacy,  any  concealment  regarding  it  is  inconsist- 
ent with  beneficence  and  professional  liberality;  and  if  mystery  alone 
give  it  value  and  importance,  such  craft  implies  either  disgniceful 
ignorance  or  fraudulent  avarice.  It  is  also  reprehensible  for  physicians 
to  give  certificates  attesting  the  efficacy  of  patent  or  secret  medicines, 
or  in  any  way  to  promote  the  use  of  them.^  Like  all  legislation,  this  is 
a  formal  declaration  of  the  customs  of  the  profession,  which  customs 
are  of  great  antiquity.  The  i^rinciple  upon  which  it  is  founded  is  thus 
expressed  by  Lord  Bacon :  '^  I  hold  every  man  a  debtor  to  his  profes- 

-^  British  Medical  Journal  July  3,  1880,  vol.  il,  p.  24. 
t  Congressional  Globe,  March  3,  1849,  p.  697. 
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8ioii ;  fi-om  the  which,  as  men  of  course  do  seek  to  receive  countenance 
and  profit,  so  ought  they  of  duty  to  endeavor  themselves  by  way  of 
amends  to  be  a  help  and  ornament  thereunto." 

The  rule,  however,  is  not  always  adhered  to  by  physicians,  the  most 
notable  exception  having  been,  perhaps,  the  use  of  Koch's  lymph 
before  its  composition  was  revealed.  As  regards  the  patenting  of  sur- 
gical instruments  and  apparatus,  the  opinion  of  the  great  majority  of 
physicians  is  in  accordance  with  the  rule  just  stated,  but  there  are 
some  who  question  its  propriety,  although  they  obey  it — and  there  are 
few  who  would  not  use  a  patent^^d  instrument  in  a  case  to  which  they 
thought  it  was  applicable. 

The  total  number  of  surgical  instruments  and  appliances  patented 
daring  the  past  decade  has  been  about  1,200,  the  patents  having  been 
iu  almost  all  cases  taken  out  by  manufacturers.  With  these  may  be 
classed  dentists'  tools  and  apparatus,  of  which  about  500  have  been 
patented  during  the  last  ten  years,  and  in  this  field  of  invention  the 
United  States  leads  the  world.  The  same  may  be  said  with  regard  to 
artificial  limbs,  of  which  our  great  war  gave  rise  to  many  varieties. 

As  you  know,  the  law  prescribes  that  a  patent  may  be  given  for  a 
**  new  and  useful  art,  machine,  manufacture  or  comi)osition  of  matter.'' 
I  used  to  think  that  the  word  '^  useful "  in  this  law  had  its  ordinary 
meaning,  and  therefore  wondered  exceedingly  as  to  why  the  Patent 
Office  examiners  allowed  patents  to  certain  things  which  came  under 
my  notice.  One  day,  however,  I  received  an  article  from  the  Patent 
Office,  with  the  request  for  a  report  as  to  whether  it  was  useful  in  the 
sense  in  which  that  word  was  used  by  the  office,  namely,  "  not  per- 
nicious or  prejudicial  to  public  int-erest — capable  of  being  used" — and 
then  for  the  first  time  I  understood  one  of  the  first  principles  of  the 
patent  law  ot  the  United  States,  that  is,  that  it  does  not  take  into  con- 
sideration the  degree  of  utility  in  the  device,  or,  in  other  words,  that 
*' useful "  means  '^  harmless." 

If  a  patent  is  granted  to  a  medicine,  it  must  be  as  a  composition  of 
matter  as  a  special  article  of  manufacture.  The  practice  of  the  Patent 
Office  in  these  matters  is  not  generally  understood.  It  does  not  now 
consider  that  medical  prescriptions  are  inventions  within  the  mean- 
ing of  the  law,  or  that  a  mere  aggregation  of  well-known  remedies  to 
obtain  a  cumulative  efl'ect  is  a  patentable  composition  of  matter.  A 
certain  number  of  claims  for  Government  protection  in  the  form  of 
patents  or  trade-marks  are  made  for  medical  compounds  or  for  apparatus 
under  false  pretenses;  that  is  to  say,  the  claim  is  for  a  new  remedy  for 
rheumatism  or  dyspepsia  or  displacement,  with  a  warning  against  their 
use  under  certain  conditions,  the  real  design  being  that  they  are  to  be 
used  under  precisely  these  conditions  in  order  to  procure  abortion,  etc. 
These  are  sometimes  difficult  cases  for  the  Patent  Office  to  treat  prop 
erly,  for  the  law  does  not  allow  a  large  discretion  for  refusal  on  mere 
Buspieion^  and  where  there  is  ostensible  and  possible  utility  (in  the 
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Patent  Office  sense)  it  can  hardly  reject  the  chiim  on  the  ground  that 
the  invention  might  be  used  for  immoral  purposes. 

I  said  in  the  beginning  that  I  can  not  on  this  o<*ca«ion  give  any  suf- 
ticient  account  of  the  progress  of  invention  and  discovery  in  medicine 
and  sanitation  during  the  century  just  gone.  The  great  step  forward 
which  has  been  made  has  been  the  establishment  of  a  true  scientific 
foundation  for  the  art  ui)on  the  discoveries  made  in  physics,  chemistry, 
and  biology.  One  hundred  years  ago  the  prfictice  of  metlicine  and 
measures  to  preserve  health,  so  far  as  these  were  really  efficacious, 
were  in  the  main  empirical — that  is,  certain  effects  were  known  to 
usually  follow  the  giving  of  certain  drugs  or  the  application  of  certain 
measures,  but  why  or  how  these  effects  were  produced  was  unknown. 
They  sailed  then  by  dead-reckoning,  in  several  senses  of  this  phrase. 

8ince  then  not  only  have  great  advances  been  made  by  a  continuance 
of  these  empirical  measures  in  treatment,  but  we  have  learned  much  as 
to  the  mechanism  and  functions  of  different  parts  of  the  body  and  as 
to  the  nature  of  the  causes  of  some  of  the  most  prevalent  and  fatal 
forms  of  disease,  and,  as  a  conseijuence,  can  apply  means  of  preven- 
tion OP  treatment  in  a  much  more  direct  and  definite  way  than  was 
formerly  the  case.  For  example,  a  hundred  years  ago  nothing  was 
known  of  the  difference  between  typhus  and  typhoid  fevers.  We  have 
now  discovered  that  the  first  is  a  disease  propagated  largely  by  aerial 
contagion  and  induced  or  aggravated  by  overcrowding,  the  preventive 
means  being  isolation,  light,  and  fresh  air;  while  the  second  is  due  to  » 
minute  vegetable  organism,  a  bacillus,  and  is  propagated  mainly  by  con- 
taminated water,  milk,  food,  and  clothing;  and  that  the  treatment  of 
the  two  diseases  should  be  very  different. 

The  most  important  improvements  in  practical  medicine  made  in  the 
United  States  have  been  chiefly  in  surgery,  in  its  various  branches. 
We  have  led  the  way  in  the  ligation  of  some  of  the  larger  arteries,  in 
the  removal  of  abdominal  tumors,  in  the  treatment  of  diseases  and 
injuries  peculiar  to  women,  in  the  treatment  of  spinal  affections  and  of 
deformities  of  various  kinds.    Above  all,  we  were  the  first  to  show  the 
uses  of  anaesthetics — the  most  important  advance  in  medicine  made 
during  the  century.    In  our  late  war  we  taught  Europe  how  to  build, 
organize,  and  manage  military  hospitals;  and  we  formed   the  best 
museum  in  existence  illustrating  modern  military  medicine  and  sur- 
gery.   Our  contributions  to  medical  literature  have  been  many  and  val- 
uable; and  our  Government  possesses  the  largest  and  best  working 
medical  library  in  the  world.     We  have  more  doctors  and  more  medi- 
cal schools,  in  proportion  to  the  population,  than  any  other' coimtry, 
and,  while  this  is  not  good  evidence  of  progress,  I  am  glad  to  be  able 
to  say  that  the  standard  of  ac(j[uirements  in  medical  education  has  been 
and  is  now  rising,  and  our  leading  medical  schools  are  now  being 
equipped  with  buildings,  with  apparatus,  with  laboratories,  and,  most 
important  of  all,  with  brains,  which  enable  them  to  give  means  of 
practical  instruction  equal  to  any  to  be  found  elsewhere. 
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As  regards  preventive  ]>iiblic  medicine  and  sanitation,  we  have  not 
made  so  many  valuable  contributions  to  the  world's  stock  of  knowledge, 
chiefly  because,  until  quit^  recently,  we  have  not  had  the  stimulus  to 
I>ersi8tent  eftbrt  which  comes  from  density  of  population  and  its  com- 
plicated relation  to  sewage  disposal  and  water  supplies;  nor  have  w^e 
had  the  information  relative  to  localized  causes  of  disease  and  death, 
which  is  the  essential  foundation  of  public  hygiene,  and  which  can  only 
be  obtained  by  a  proper  system  of  vital  statistics.  We  can,  however, 
show  enough  and  to  spare  of  inventions  in  the  w^ay  of  sanitary  appli- 
ances, fixtures,  and  systems  for  house  drainage,  sewerage,  etc.;  for  the 
ingenuity  of  inventors  has  kept  pace  with  the  increasing  demands  for 
protection  from  the  eifects  of  the  decomposition  of  waste  matters  as 
increase  of  knowledge  has  made  these  known  to  us.  The  total  number 
of  patents  granted  for  sanitary  appliances  during  the  last  decade  (1880- 
1890)  is  about  1,175.  If  good  fixtures  necessarily  involve  good  plumb- 
ing work  we  could  easily  make  our  houses  safe  so  far  as  drainage  is 
concerned;  but  a  leaky  joint  or  a  tilted  trap  makes  the  best  appliance 
worthless.  The  impulse  to  improvements  in  this  direction  has  come 
mainly  from  England,  where  most  of  the  principles  of  good  work  of  this 
kind  has  been  developed;  but  we  have  devised  some  details  better 
adapted  to  our  climate  and  modes  of  construction,  and  while  many  of  the 
X)atent  traps  and  sewer-gas  excluders  are  only  useful  in  the  patent-law 
sense,  and  some  not  even  in  that,  it  is  nevertheless  true  that  the  safety, 
accessibility,  and  good  appearance  of  plumber's  work  has  been  largely 
increased  during  the  last  few  years  by  patented  inventions.  Much  the 
same  may  be  said  with  regard  to  heating  appliances,  including  venti- 
lating stoves  and  fireplaces,  radiators,  etc.,  but  I  am  unable  to  express 
any  enthusiam  with  regard  to  what  are  commonly  called  patent  venti- 
lators. 

No  doubt  the  greatest  progress  in  medical  science  during  the  next 
few  years  will  be  in  the  direction  of  prevention,  and  to  this  end  mechan- 
ical and  chemical  invention  and  discovery  must  go  hand  in  hand  with 
increase  in  biological  and  medical  knowledge.  Neither  can  afford  to 
neglect  or  despise  the  other,  and  both  are  working  for  the  common 
good.  If  the  American  patent  system  has  not  given  rise  to  any  spe- 
cially valuable  inventions  in  practical  medicine,  in  law,  or  in  theology, 
it  must  be  due  to  the  nature  of  the  subjects,  and  not  to  any  fault  of  the 
system. 


■ 
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CATION.* 


By  Addison  Brown. 


Twenty  years  ago  Prof.  Tyndall  delivered  in  New  York  and  in  other 
>ies  of  this  country  a  series  of  lectures  upon  light.  The  last  of  the 
riea  was  an  impressive  plea  for  a  more  thorough  prosecution  of 
L^nal  research  in  pure  science;  and  incidentally,  for  the  need  of  en- 
»wments  to  maintain  it.  I  was  fortunate  in  having  the  opportunity 
listen  to  that  remarkable  course  of  lectures,  and  to  that  plea  for 
ience.  Its  impression  has  never  left  me.  The  impression  was  the 
jeper,  because  Tyndall  set  upon  it  the  seal  of  self-denial.  Some  $30,000, 
Mirly  the  entire  net  proceeds  of  his  lectures  in  the  United  States — 
oney  for  which  he  undoubtedly  had  abundant  use  in  his  own  afiairs, 

•  at  least  in  the  prosecution  of  researches  in  his  own  country,  and  which 
y  all  precedent  and  the  example'of  other  lecturers  he  would  have  taken 
ith  him — this  he  has  given  to  the  science  of  this  country,  endowing 
herewith,  in  1885  three  scholarships  for  the  prosecution  of  original 
esearch  in  physics,  one  under  the  direction  of  Columbia  College,  one 
mder  Harvard,  and  a  third  at  the  University  of  Pennsylvania. 

The  truths  uttered  and  the  example  set  by  this  self-denying  master 
are  already  many  times  borne  fruit.  The  late  President  Barnard,  of 
olumbia  College,  who  was  a  warm  supporter  of  Prof.  Tyndall  when 
3re,  bequeathed  to  Columbia  upon  his  decease  a  few  years  since  the 
tm  of  $10,000  for  the  endowment  of  another  fellowship  for  the  encour- 
rement  of  scientific  research,  upon  substantially  the  same  terms  as 
ose  of  the  Tyndall  sc^holarships.  In  other  parts  of  the  country  there 
y^e  been  some  other  endowments  tor  similar  purposes.  In  the  last 
^r  Columbia  has  also  received  $100,000,  the  munificent  bequest  of  Mr. 

*  Costa,  for  the  e^stablishment  of  the  department  of  biology.  Although 
^B  bequest  is  not  primarily  for  the  prosecution  of  original  research, 
*H  not  restricted  by  hampering  conditions,  and  will  to  some  extent,  it 
looped,  admit  of  a  direct  and  continuous  support  of  the  highest  and 
^Bt  advanced  studies. 


A.ddre8B  at  the  firbt  joint    meeting   of  the  Scientific   Alliance  of  New  York, 
^Vemher  15,  1892.     (Pamphlet  Report,  pp.  18-41.) 
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The  appeal  made  by  Tyndall  has  been  often  renewed  by  scientific 
men;  by  the  heads  of  universities ;  by  the  presidents  of  scientific  asso 
ciations,  here  and  abroad;  and  by  none,  perhaps,  more  eloquently  thau 
by  Dr.  Edwin  Ray  Lancaster,  in  his  address  before  the  biological  sec 
tion  of  the  British  Association  at  Southport,  in  1883. 

What  shall  we  say  to  the  call  and  the  examples  of  such  men?  Wa« 
the  gift  of  Tyndall  based  only  upon  an  idle  fancy!  Or  was  it  the  result 
of  a  clear  perception  of  a  profound  truth,  viz,  America's  need  of  that 
money  as  a  stimulus  and  support  to  more  scientific  research ;  the  call 
on  him  being  felt  to  be  the  more  imperious,  because  the  need  of  it  was 
so  plain  to  him,  while  obscure  to  others;  and  making  his  act,  therefore, 
a  noble  instance  of  self-renunciation  in  an  unappreciated  cause? 

*^To  keep  society  as  regards  science  in  healthy  play,"  he  says,  *' three 
classes  of  workers  are  necessary : 

^'  1.  The  investigator  of  natural  truth,  whose  vocation  it  is  to  pursue 
that  truth  and  extend  the  field  of  discovery  for  truth's  own  sake,  with 
out  reference  to  practical  ends. 

*^2.  The  teacher,  to  diffuse  this  knowledge.    -    -    - 

*'3.  The  applier  of  these  principles  and  truths  to  make  them  availa 
ble  to  the  needs,  the  comforts  or  the  luxuries  of  life.     -     -     - 

"These  three  classes  ought  to  co-exist  and  inter-act.  The  i>opaIar 
notions  of  science  -  -  -  often  relate,  not  to  science  strictly  so  called, 
but  to  the  application  of  science." 

The  great  discoveries  of  scientific  truth,  he  continues,  are  "not  made 
by  practical  men,  and  they  never  will'be  made  by  them;  because  their 
minds  are  beset  by  ideas  which,  though  of  t  he  highest  value  iu  one  point 
of  view,  are  not  those  which  stimulate  the  original  discoverer." 

In  a  chance  conversation,  a  few  weeks  since,  1  received  a  confirma 
tion  of  these  words,  so  direct  and  unexpected,  that  it  may  bear  citation. 
I  was  talking  with  an  electrical  expert  who  had  made  several  very  iu- 
teresting  and  important  inventions.  I  asked  him  of  how  much  impor- 
tance he  conceived  that  the  scientific  men  of  the  closet,  the  original 
investigators,  so-called,  had  been  in  working  out  the  great  inventions 
of  electricity  during  the  last  fifty  years — the  telegraph  cables,  tele- 
phones, the  electric  lighting,  and  the  electric  motors;  and  whether 
these  achievements  were  not  in  reality  due,  mainly,  to  the  practical 
men,  the  inventors,  who  knew  what  they  were  after,  rather  than  to  the 
men  of  science,  who  rarely  applied  their  work  to  practical  use? 

"Not  at  all,"  he  said,  "the  scientific  men  are  of  the  utmost  impor- 
tance; everything  that  has  been  done  has  proceeded  upon  the  basis  of 
what  they  have  previously  discovered,  and  upon  the  principles  and 
laws  which  they  have  laid  down.  Nowadaj- s  we  never  work  at  random. 
Look  at  that  electric  light!  Of  the  energy  expended  in  producing  it 
only  7  per  cent  appears  as  light;  the  rest,  93  per  ceut,  is  wasted,  mainly 
in  heat.  We  are  all  now^  trying  to  prevent  this  enormous  wa^to.  1 
want  to  reverse  that  proportion ;  but  if  I  can  reduce  the  waste  to  only 
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33  per  cent,  a  patent  of  my  invention  will  be  worth  millions  of  dollars 
for  its  economy  in  production.  In  seeking  this  we  do  not  work  at  ran- 
dom. 1  go  to  my  laboratory;  study  the  applications  of  the  principles, 
facts,  and  laws  which  the  great  scientists  like  Faraday,  Thompson,  and 
Maxwell  have  worked  out,  and  endeavor  to  find  such  devices  as  shall 
secure  my  aim." 

Thije)  is  but  an  expression,  in  another  form,  of  what  T^ndall  said 
twenty  years  ago:  '^  Behind  all  our  practical  applications,  there  is  a 
region  of  intellectual  action  to  which  practical  men  have  rarely  con- 
tributed, but  from  which  they  draw  all  their  supplies.  Cut  them  oflf 
from  that  region,  and  they  become  eventually  helpless." 

What  is  true  in  one  department  of  natural  science  is,  I  apprehend, 
equally  true  in  all.  The  practical  men  do  not  work  at  random,  but  upon 
the  basis  of  what  scientific  research  and  publication  have  previously  put 
within  their  grasp. 

It  is  evident  therefore  that  not  only  the  advancement  of  knowledge 
itself,  but  all  possibility  of  any  continuous  advance  in  those  great  im- 
provements which  are  to  mitigate  the  sorrows,  and  promote  the  health, 
the  conveniences  and  the  comforts  of  men,  is  vitally  dependent  upon 
the  progress  of  scientific  research.  In  recent  years  how  marvellous 
have  these  improvements  been !  Besides  those  that  are  most  common 
and  familiar  to  all,  what  miracles,  almost,  have  been  achieved  through 
the  i>hotograph,  the  spectroscope,  the  microscope;  by  the  discovery  of 
the  sources  of  fermentation  and  of  putrefaction;  by  the  discovery  of 
anaesthetics  and  the  application  of  antiseptic  methods  in  surgery,  and 
in  the  treatment  of  other  lesions!  These  latter  discoveries  alone  have 
ameliorated  beyond  expression  the  sufferings  of  man ;  they  save  more 
lives  than  war  and  pestilence  destroy,  surpassing  even  in  that  regard 
the  safety  lamp  of  Sir  Humphrey  Davy — an  invention  which,  at  the 
time  it  was  made,  was  said  to  have  exceeded  every  previous  discovery 
as  a  means  of  saving  human  life,  except,  possibly,  inoculation  for 
smallpox. 

This  vital  relation  between  the  advancement  of  knowledge  and  the 
welfare  of  man  furnishes  an  all-suflficient  reason  for  the  continuous  and 
never-ending  prosecution  of  original  research.  Of  necessity  the  original 
work  of  discovery  must  always  lead;  that  must  always  precede  the 
practical  a[>plications.  The  necessity  for  such  research  must,  there- 
fore, continue,  so  long  as  science  and  human  society  endure.  As  there 
is  no  limit  to  the  advance  of  knowledge,  so  there  can  be  no  limit  to  the 
benefactions  it  is  capable  of  conterring  upon  mankind.  The  more  rapid 
the  advance,  the  more  speedy  the  enjoyment  of  its  fruits.  In  this 
relation  alone,  the  need  of  ample  provision  for  scientific  progress  is  one 
that  addresses  itself  equally  to  the  nation,  to  the  state,  to  philan- 
thropists, and  to  all  who  would  advance  the  welfare  of  man,  on  the 
broadest  and  most  enduring  lines. 

How  shall  such  research  be  maintained  and  extende^lf    The  investi- 
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gator  of  pure  science  does  not  work  for  profit.  His  discoveries  are  not 
marketable.  The  law  allows  no  patent  upon  a  principle  of  nature  or 
the  discovery  of  a  new  truth.  Newton  could  not  patent  the  law  of 
gravitation,  nor  Volta  the  galvanism  of  the  voltaic  pile;  nor  Ehrenberg 
and  Schwann,  the  discovery  of  the  widespread  influence  of  bacteria; 
nor  Faraday,  nor  Henry,  electro-magnetism;  nor  Joule,  his  correlation 
of  forces;  nor  Jackson,  his  anaesthetics;  nor  Lister,  his  an tisej> tic  treat- 
ment; nor  Koch  nor  Pasteur,  their  discoveries  of  the  bacilli,  the 
destruction  of  which  may  lead  to  the  cure  or  amelioration  of  terrible 
diseases.  To  the  practical  men  and  to  the  inventors,  on  the  other 
hand,  who  apply  to  the  specific  wants  of  men  the  truths  and  principles 
which  the  scientists  have  made  known  to  them,  the  law,  in  the  form  of 
a  patent,  gives  a  monopoly  of  from  fourteen  to  twenty-one  years.  They 
thus  obtain,  as  a  rule,  a  reasonable,  and,  in  some  cases,  even  an  exces- 
sive, pecuniary  rewafd.  In  this  country  alone  nearly  500,000  patents 
have  been  issued;  they  are  increasing  at  the  rate  of  about  25,000  per 
year.  In  the  extreme  multiplication  of  patents  affecrting  a  large  part  of 
everything  we  use,  the  whole  world,  it  might  almost  be  said,  is  paying 
tribute  to  the  inventors  and  practical  men ;  while  to  the  original  dis- 
coverers who  have  made  so  much  of  all  this  possible,  there  is  no  promise 
of  pecuniary  reward. 

This  is  not  said  by  way  of  complaint.  In  the  nature  of  things,  it  is 
scarcely  avoidable.  The  aims,  the  motives,  the  methods,  and  the  geniaA 
of  the  two  classes  of  minds,  are  and  ever  must  be  widely  distinct.  Orig- 
nal  discoverers  can  not  be  turned  aside  from  their  special  work  to  he- 
come  mechanics  and  inventors  without  infinite  loss.  Prof.  Henry  had 
one  form  of  the  electric  telegraph  in  actual  use  some  years  before  Morse 
conceived  it.*  But  how  great  would  have  been  the  loss  to  science, 
without  any  corresponding  gain,  had  Prof.  Henry  in  1830  turned  away 
firom  pure  science  to  do  the  subsequent  work  of  Morse  in  adapting  the 
telegraph  to  common  and  valuable  use ! 

Eesearch  in  pure  science  can  never  be  made  a  self-supporting  pur 
suit.  It  can  never  therefore  be  carried  forward  broadly,  and  contin- 
uously, and  effectively,  except  through  men  sustained  by  some  form  of 
stipend  or  endowment.  Occasionally,  it  is  true,  men  of  independent 
fortune,  like  Harvey,  and  Darwin,  and  Lyell,  and  Agassiz,  have  de 
voted  themselves  to  original  research  upon  their  own  means,  and  have 
iiccomplished  most  important  results.  But  these  instances  are  rare. 
Many  other  i)ersons,  too,  with  aptitudes  and  tastes  for  research,  thougii 
not  following  a  scientific  career,  have  carried  on  private  researches  in 
the  intervals  of  leisure,  stolen  from  the  exacting  demands  of  profes 
sional  or  business  life;  and  these  have,  in  the  aggregate,  added  no 
small  amount  to  the  common  stock  of  knowledge. 

It  is  no  disparagement  however  of  these  subordinate  workers  to  say 
that  nearly  all  the  great  discoveries,  and  nearly  all  the  great  advances 
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Jong  the  lilies  of  knowledge,  have  been  achieved  by  men  who  in  the 
iiain  have  devoted  their  lives  to  the  work,  and  have  been  supported 
hrongh  institutions  or  endowments  which  made  this  devotion  possible, 
rov^ernment  appointments,  professorial  chairs,  or  salaried  positions  in 
cieutitic  institutions  of  some  kind,  have  been  and  must  continue  to  be 
or  chief  dependence.  And  it  is  manifest  that  these  can  only  be  main- 
ained  by  Government  aid,  or  by  the  bounty  of  private  individuals. 
^he  former  is  mainly  the  European  system;  the  latter,  in  the  main,  is 
urs.  There,  universities  are  founded  by  the  government;  here,  chiefly 
►y  the  people. 

Ill  Germany  there  are  twenty-one  universities  maintained  by  the  Gov- 
niment.  In  each  of  these,  as  Dr.  Lancaster  states,  there  are  five  iii- 
[ex>eiHlent  establishments  in  the  department  of  biology  alone,  viz,  in 
►hysiology,  anatomy,  pathology,  zoology,  and  botany.  At  the  head  of 
acb  of  these  establishments  there  is  a  i>rofes8or,  with  two  paid  assist- 
in  ts,  making  altogether  about  300  for  biological  research  in  Germany; 
bnd  be  estimates  about  one-quarter  of  that  number  in  the  same  depart- 
aent  in  England.  In  all  the  sciences,  therefore,  there  would  probably 
>e  found  in  Germany  from  800  to  1,000  persons  of  high  scientific  attain- 
nents,  supported  by  the  Government  in  the  universities,  who  are  regu- 
arly  and  systematically  engaged  in  the  discovery  of  new  scientific  truth. 
P'or  it  is  there  made  both  the  object  and  the  duty  of  the  professors  of 
latnral  science  to  carry  on  original  investigations  by  work  in  the  lab- 
)ratory.  Their  positions  are  obtained  through  previous  distinction  in 
$uch  investigations,  and  it  is  for  this  work  that  their  small  but  fixed 
stipend  is  paid  by  the  Government. 

In  the  College  de  France,  also  maintained  by  the  Government,  there 
s  the  same  requirement,  though  with  a  larger  salary  to  the  professors, 
ind  with  the  added  duty  imposed  on  them  to  deliver  to  the  students 
ibout  forty  lectures  yearly  ux>on  the  subjects  of  the  professors'  re- 
searches; while  in  Germany  the  i)rofessors  also  receive  from  each  stu 
lent  who  attends  their  lectures,  a  moderate  fee,  which  serves  to  in- 
crease their  meager  stipend,  as  well  as  to  stimulate  their  activity  and 
usefulness.  Under  this  system,  Germany  has  become  the  greatest 
school  of  science,  and  the  resort  of  the  whole  world. 

In  this  country  the  opposite  system  prevails.  The  colleges  and  uni- 
versities are  mainly  private  foundations,  dependent  on  private  gifts 
and  endowments.  The  colleges  are  unwisely  mutiplied.  All  are  more 
or  less  cramped  for  money.  This  limits  the  number  of  professors  and 
assistants  appointed  for  instruction,  and  crowds  them  with  routine 
work.  The  result  is  that  in  all  but  a  few  colleges,  and  in  these  until 
comparatively  recently,  the  duties  of  instruction  have  left  to  the  pro- 
fessors but  little  time  or  opportunity  for  the  prosecution  of  original  in- 
vestigations; and  the.se  with  but  poor  equipment  and  inadequate 
means. 

In  not  one  of  all  our  colleges  and  universities,  so  far  as  1  have  been 
H.  Mis.  114 40 
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able  to  ascertain,  is  there  a  single  professorship  endowed  or  founded, 
even  in  part,  for  the  avowed  object  of  original  scientific  research.  In- 
struction, not  discovery,  is  the  only  avowed  object.  It  is  to  the  great 
credit  of  American  professors  and  tea<!hers  that,  with  so  much  routine 
work  on  their  hands,  and  so  little  leisure  for  research,  they  should 
have  accomplished  by  purely  voluntary  studies  so  much  as  is  shown  in 
their  contributions  to  our  scientific  publications. 

To  what  is  said  above,  perhaps  a  vii'tual  exception  should  be  made  as 
respects  our  astronomical  observatories,  in  which,  the  labors  of  in- 
struction being  less,  original  work  has  been  perhaps  expected,  and 
has  been  accomplished  with  most  signal  success.  To  some  extent  this 
may  possibly  apply  to  our  medical  schools  also.  And  in  other  depart 
ments,  generally,  wherever  time  and  opportunity  have  been  afforded, 
much  original  work  has  been  done  by  our  professors;  some  of  it  of  the 
first  class.  This  is  attested,  not  to  mention  living  instances,  by  the 
work  of  Prof.  Henry  at  Princeton,  Dr.  Torrey  at  Columbia,  Dr.  Silli- 
man  at  Yale,  Dr.  Gray  at  Harvard,  and  many  others  that  might  be 
named.  In  a  number  of  the  States,  also,  and  at  Washington,  there 
have  been  maintained  by  the  State  or  Nation  a  number  of  scientific 
men,  in  connection  with  certain  State  or  national  interests,  who  have 
accomplished  most  important  results;  of  these.  Dr.  James  Hall,  of  this 
State,  is  a  conspicuous  instance.  At  Harvard  and  at  other  colleges 
some  noble  opportunities  for  special  study  have  been  also  provided  in 
their  scientific  schools  and  museums;  notably  in  the  zoological  museum, 
the  Jefferson  Physical  Laboratory',  and  the  Peabody  Museum  of  Arch® 
ology  at  Cambridge,  and  also  in  the  department  of  hygiene  at  the  Univer- 
sity of  Pennsylvania.  But  in  most  of  these  the  great  complaint  is  the 
lack  of  neccessary  endowments  to  make  possible  the  active  advanced 
work  in  original  discovery  for  which  those  institutions  are  designed. 
In  the  Peabody  Museum  there  was  in  1891  a  gift  of  $10,000  by  Mrs. 
Hemenway  to  establish  a  post-graduate  fellowship;  and  also  a  gift  of 
like  amount  by  Mr.  Wolcott,  for  the  general  support  of  the  museum's 
work.  New  York  also  has  within  a  few  years  past  seen  spring  up  al- 
most as  by  magic,  through  the  efforts  of  a  single  leading  spirit  sec- 
onded by  other  public  spirited  men  and  women,  and  by  municipal  aid,  a 
museum  of  natural  history  that  bids  fair  to  stand  in  the  front  rank  of 
scientific  opportunities;  but  the  endowments  of  fellowships  and  pro- 
fessors necessary  to  make  its  opportunities  available  in  active  re 
search  are  as  yet  wanting. 

England  holds  a  position  midway  between  the  United  States  and 
Germany.  Her  scientific  men  lament  her  deficiencies.  They  are  striv- 
ing to  increase  their  means  for  scientific  work,  and  are  doing  so  yearly. 

If  experience  teaches  anything,  it  is  that  no  broad  and  general  de- 
velopment of  scientific  m  ork  of  the  first  class  is  possible,  except  either 
through  independent  establishments  for  special  work,  or  else  by  the 
university  system,  in  which  professors  in  science  and  their  assistants 
are  ^rst  selected  ou  account  of  their  previous  distinction  in  original 
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research,  aud  are  tlieu  appointed  to  coutinue  that  work,  and  iu  the 
teaching  of  students,  to  transmit  to  them  the  zeal  of  discovery  and  the 
true  methods  of  advance. 

It  matters  little  whether  the  support  of  the  university  or  of  special 
institutions  for  research  comes  from  tlie  Government  or  from  private 
endowment,  provided  the  provision  is  adequate  and  constant.  The 
difficulty  with  us  has  been,  and  still  is,  that  funds  are  insufficient,  the 
means  and  equipment  inadequate,  and  the  time  allowed  to  the  pro- 
fessors for  research  insufficient.  There  has  been  too  much  of  the 
schoolmaster,  and  too  little  of  the  real  professor.  Too  great  absorption 
of  the  professor's  time  in  the  work  of  instruction  is  injurious  to  both 
teacher  and  pupil.  The  most  stimulating  of  teachers  is  he  who  by 
daily  experiment  is  in  vital  touch  with  Nature, — he  who  brings  from  the 
fires  of  the  laboratory  the  warmth,  the  illumination,  and  the  inspiration 
of  his  own  researches. 

This  is  now  well  recognized ;  and  so  far  as  their  means  will  permit, 
the  leading  colleges  are  by  degrees  relieving  their  professors  of  the 
work  of  elementary^  instruction,  so  that  they  may  the  better  prosecute 
original  researches,  and  at  the  same  time  be<;ome  best  qualified  for  the 
highest  work  of  instruction.  This  system  will  doubtless  demand 
watchfulness  and  discrimination.  To  prevent  abuses,  regulation  and 
responsibility  may  have  to  be  imposed.  But  it  involves  the  appoint- 
ment of  additional  instructors.  It  requires  added  means.  And  this  is 
indispensable  as  a  part  of  the  transition  of  our  leading  colleges  to  the 
university  system.  It  is  indispensable,  also,  if  we  are  to  have  in  this 
country  any  considerable  systematic  prosecution  of  original  research. 
We  must  use  existing  instrument^ilities  and  existing  institutions.  And 
all  experience  shows  that  outside  of  the  few  Government  positions,  and 
in  the  absence  of  special  institutions  for  research,  the  professorial  chairs 
are  best  adapted  to  such  investigations.  Ko  greater  service  could  be 
done  to  science  than  to  make  such  endowments  as  should  insure  sys- 
tematic and  continuous  research  by  the  professors  as  a  part  of  the  new 
university  system. 

Endowments  for  the  same  object,  and  operating  in  the  same  line, 
might  also  take  a  different  form,  viz.,  the  endowment  of  several  pro- 
fessorial fellowships,  each,  say,  of  $1,000  annual  income;  to  be  con- 
trolled and  awarded  by  some  independent  scientific  body  (such  as  this 
Alliance  might  afford)  for  distinction  in  active  scientific  investigations, 
either  within  the  country  or  within  the  State.  I  know  of  no  more 
quickening  impidse  to  original  scientific  research  than  such  as  would 
be  given  to  it  by  those  means. 

How  backward  we  have  been  in  this  country,  through  the  la<?k  of 
proi)er  endowments,  in  making  use  of  the  best  existing  opportu- 
nities for  research,  may  be  illustrated  by  a  single  instance.  Some 
twenty  years  ago  a  school  was  established  at  Naples  for  the  prosecu- 
tion of  marine  biological  research.  It  is  most  thoroughly  equipped, 
and,  being  a  general  resort,  is  the  most  advaiita^viow^  ^v^x  ^Vw^-^  \s^ 
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the  world.  It  is  maintained  by  a  charge  of  $500  per  year  upon 
each  table  occupied,  each  occupant  being  entitled  to  all  the  ad- 
vantages of  the  institution.  Of  these  tables,  the  German  Stsites  for 
several  years  have  taken  thirteen;  Italy,  eight;  Austria,  Eussia,  Spain, 
and  England,  each  three;  Switzerland,  Belgium  and  Holland,  each 
one;  the  United  States,  until  1891,  none,  except  one  table  supported 
by  Williams  College  for  two  years,  and  one  by  the  University  of  Penn- 
sylvania for  one  year.  Prior  to  that  time  about  fifteen  other  American 
students  in  all  had  obtained  places  at  the  tables  taken  and  paid  for  by 
other  nations.  In  1890,  this  arrangement  was  prohibited  by  the  admin- 
istration of  the  institution;  and  the  right  to  a  table  in  1891,  was  secured 
to  Americans,  only  tlirough  the  private  benefaction  of  Maj.  Alex. 
Henry  Davis,  of  Syracuse.  For  the  year  1892,  the  use  of  a  table  has 
been  secured  through  a  subscription  started  by  the  American  Associa- 
tion for  tbe  Advancement  of  Science,  toward  which  the  Association 
itself  granted  out  of  its  scanty  funds  $100  and  was  the  means,  I  be 
lieve,  of  procuring  the  rest.* 

We  have  not  however  been  wholly  without  some  such  means  of 
study  in  this  country  through  the  marine  biological  laboratories  estab- 
lished some  years  ago  at  Newport  and  at  Wood's  Holl,  by  Prof.  Alex. 
Agassiz.  The  former  has'  been  now  enlarged  so  as  to  accommodate 
eight  advanced  students,  besides  the  professor  and  his  assistant.^  The 
Johns  Hopkins  University  also  has  supplied  some  opportunities  of  this 
kind  by  its  summer  school,  formerly  at  Beaufort;  later,  at  Jamaica; 
but  at  present,  as  I  understand,  it  is  without  any  permanent  location. 

Our  neighbor,  tlie  Brooklyn  Institute,  has  organized  similar  investi- 
gations, on  a  minor  scale,  during  the  summer  months  at  different  places 
on  Long  Island.  But  what  is  needed  for  the  most  effective  work,  is 
suitable  endowments  for  professors  and  advanced  students,  in  connec- 
tion with  an  adequate  biological  laboratory,  such  as  the  Newport  one 
enlarged  might  afford,  equal  in  means  and  equipment  to  that  at  Naples, 
or  at  least  to  that  recently  completed,  largely  through  private  enter- 
prise, at  Plymouth.  England.f 

*See  Proc.  American  Association  A.  S.  1891,  vol.  XL,  p.  449-451. 

t  Report  Harvard  CoU,  1891,  p.  182. 

tin  his  address  before  the  American  Association  for  the  Advancement  of  Science, 
in  1891,  President  Prescott,  referring  to  this  general  subject,  said: 

"To  nurture  investigation  in  Hcienco  is  the  largest  opportunity  before  the  American 
people.  Research,  systematic  and  wisely  directed,  requires  good  organization  and 
strong  support,  the  support  of  many  powers.  It  must  have  the  support  of  able  and 
persistent  men.  It  needs  the  conference  of  workers,  and  the  disseuiination  of  knowl- 
edge in  societies  like  this.  It  wants  the  interest  and  the  confidence  of  the  pnblic 
It  asks  and  will  always  obtain  the  constant,  helpful  use  of  the  press.  It  reqnires 
distinct  provision  in  colleges,  and  in  the  institutions  of  higher  education.  It  ought 
to  be  sustained  expressly  by  the  Government,  both  in  the  several  States  and  under 
the  United  States,  and  sustained  on  broad  and  permanent  foundations.  StiU,  it 
needs  private  benefactions.  Research  is  the  gi  owth  of  years.  Let  it  be  the  demand 
of  all,  an<l  let  this  call  find  utterance  everywhere."— Proocedt»^»  Am,  ^wpc.,1891,  vol 
XL,  p.  440. 
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11. 

Immediately  connected  with  onr  colleges  and  universities  is  another 
field,  iu  which  additional  endowments  are  greatly  needed,  viz:  for  fel- 
lowships in  science  for  j)ost-graduate  studies. 

Upon  the  post-graduate  workers,  the  future  of  science,  and  the  re- 
cruits for  future  teachers  and  professors,  must  necessarily  depend.  In 
that  view  the  importance  of  post-graduate  endowments  in  science  can 
scarcely  be  magnified.  Tlie  great  majority  of  the  young  men  from 
whom  all  the  new  recruits  must  be  drawn  have  little  or  no  pecuniary 
means.  After  graduating,  often  through  many  difficulties,  they  must 
face  the  question  of  their  future  calling.  They  must  consider  what 
promise  of  a  reasonable  and  comfortable  support  a  life  devoted  to  sci- 
ence aflfords.  If  this  risk  should  not  deter  them,  still  there  are  many 
with  talents  of  a  high  order  who  would  be  absolutely  unable  to  proceed 
further  in  the  advanced  scientific  studies  necessary  to  qualify  them  to 
enter  upon  remunerative  scientific  work,  or  to  obtain  situations  as  pro- 
fessors or  assistants,  except  by  the  aid  of  substantial  endowments  for 
their  support,  during  the  three  or  four  years  more  of  necessary  assidu- 
ous study. 

In  the  stress  of  modern  life,  and  in  the  allurements  towards  more 
certain  pecuniary  results,  nothing  but  such  endowments  can  avert  the 
withdrawal  from  scientific  pursuits  of  many  young  men  of  high  promise, 
whose  genius  and  tastes  and  ambition  strongly  incline  them  to  science, 
and  who  would  be  secured  to  it  if  this  temporary  support  were  afforded. 

The  endowments  of  our  colleges  and  universities  in  aid  of  post-gradu- 
ate work  in  science  are  much  less,  I  suppose,  than  is  commonly 
imagined.  I  find  no  such  support  for  post  graduate  work  in  science, 
either  at  Cornell  University,  at  the  University  of  the  City  of  New 
York,  at  Brown  University,  at  Amherst,  or  even  at  the  Johns  Hopkins 
University.  No  statement  of  the  endowments  of  the  new  Clark  Uni- 
versity at  Worcester  has  as  yet  been  published.  Princeton,  though 
having  a  hundred  under- graduate  scholarships,  has  but  one  post-gradu- 
ate fellowship  for  science;  Yale  but  two, — the  Silliman  and  the  Sloane 
Fellowships. 

Columbia  ( -ollege  has  two  fellowships  expressly  restricted  to  science, 
viz. :  The  Tyndall  Fellowship  of  $648  annually,  and  the  Barnard  Fel- 
lowship, before  referred  to,  of  about  $500  annually.  Besides  these, 
however,  twenty-four  general  university  fellowships  have  been  estab- 
lished, of  $500  each,  for  post-graduate  study,  of  which  eighteen  are  in 
present  operation.  About  one-third  of  these  are  assigned  to  science; 
making  now  eight  for  science  at  Columbia,  with  probably  two  more  in 
1893  or  1894.  In  architecture,  moreover,  there  are  three  additional 
noble  post-graduate  fellowships  at  Columbia,  the  Schermerhorn  of 
$1,300  annually,  and  the  two  McKim  Fellowships  of  $1,000  each,  to 
8upi)ort  study  in  foreign  travel.  In  the  Medical  Department,  also, 
there  are  five  valuable  prizes  for  proficiency. 
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The  University  of  Peunsylvauia  lias  the  Tyiidall  Fellowship,  before 
referred  to;  and,  in  the  Department  of  Hygiene,  an  admirable  labora- 
tory fitted  up  by  Mr.  Henry  C.  Lea,  with  a  fellowship  of  $10,000  en- 
dowed by  Mr.  Thomas  A.  Scott,  at  present  applied  to  original  research 
in  bacteriology. 

At  Harvard,  besides  the  three  Bullard  Fellowships  of  $5,000  each, 
established  in  1891,  to  promote  original  research  in  the  medical  school, 
there  are  two  post-gxadnate  fellowships  restricted  to  science  exclu 
sively;  namely,  the  Tyndall  Fellowship  of  about  $500  annually,  and 
the  income  of  the  recently  established  Joseph  Lovering  Fund,  the  prin- 
cipal of  which  Is  now  about  $8,000.  There  are  also  eleven  other  gen- 
eral fellowships,  viz:  The  Parker,  the  Kirkland,  and  the  Morgan  Fel- 
lowships, available  for  promising  graduate  students  in  any  branch,  of 
which  about  five  have  been  usually  assigned  to  science.  These  fellow- 
ships give  an  income  of  from  $450  to  $700  a  year.  Harvard  has  also 
forty-six  scholarships  available  for  graduate  students,  varying  in  in- 
come from  $150  to  $300  each,  of  which  about  seventeen  are  assigned 
to  science.  During  the  last  year,  according  to  the  report  of  Ptof 
Pierce,  the  dean,  there  were  193  applications  for  those  i)08t-graduate 
fellowships  and  scholarships,  seventy-one  of  which  were  in  science. 
Only  one-third  of  the  applicants  could  receive  the  aid.    The  Dean  sidds: 

"The  number  of  appointments  is  still  very  insufficient  to  meet  the 
demands  of  promising  students  who  wish  to  enter  the  graduate  school 
and  are  unable  to  do  so  without  assistance."  *  The  tables  published 
by  him  indicate  that  a  considerable  number  of  those  not  aided  with- 
drew from  science;  and  that  many  others  who  were  entered  for  the 
first  year  in  the  graduate  school,  would,  if  not  aided,  afterwards  leave. 
It  is  gratifying  to  observe  the  further  fact,  so  encouraging  also  for  the 
young  graduates  who  wish,  if  possible,  to  enter  upon  a  scientific  career, 
that  all  who  had  enjoyed  these  fellowships  for  the  full  term  of  three 
years,  and  did  not  continue  their  studies  further  abroa<l,  at  once 
received  honorable  positions. 

From  the  above  synopsis  it  appears  that  in  all  these  colleges  (and 
I  know  of  no  other  similar  fellowships  elsewhere)  there  are  only  about 
twenty-six  adequately  endowed  post-graduate  fellowships  in  science. 
As  these  should  be  continued  for  at  least  three  years,  there  is  i)rovision 
altogether  for  only  about  nine  per  year — not  one-fourth  the  number 
required  to  supply  the  annual  loss  in  our  150  colk^ges,  to  say  nothing 
of  the  increasing  demand  through  the  growth  and  imi)rovement8  in 
the  colleges  themselves.  As  it  is  from  such  specially  trained  students 
that  the  great  professors  of  the  future  must  be  drawn,  the  need  of 
much  greater  endowments  for  new  recruits  is  apparent. 

In  England  the  aids  afforded  by  fellowships  in  their  universities  are 
familiar  to  all.  Sir  Isaac  Newton,  who  is  to  modern  science,  what 
Shakespeare  is  m  literature,  was  sustained  from  his  student  days  sue 

•  Heport  Harvard  Col.,  1891,  p.  92. 
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cessively  in  a  scholarship,  a  fellowship,  and  as  professor  at  Trinity 
College  at  Cambridge.  Besides  those  aids,  The  Koyal  Commissioners 
of  the  Exhibition  of  1851  instituted  last  year  (1891)  '^Exhibition 
science  scholarships"  for  advanced  students,  to  which  $25,000  yearly 
is  to  be  applied  in  sums  of  $750  each.  Last  year  sixteen  appointments 
were  made,  to  be  held  for  two  and  probably  for  three  years  by  students 
who  show  capacity,  and  *' who  advance  science  by  experimental  work."* 

On  this  subject  a  most  interesting  discussion  took  place  last  year  m 
the  French  Academy  of  Science.  On  April  27,  1891,  the  Secretary 
reaxl  the  following  extract  from  the  will  of  the  late  M.  Ciihours,  a  de- 
ceased member  of  the  Academy  : 

"  I  have  frequently  had  the  opportunity  of  observing,  in  the  course 
of  my  scientific  career,  that  many  young  men  distinguished  and  en- 
dowed with  real  talent  for  science  found  themselves  obliged  to  aban- 
don it,  because  before  beginning  they  had  no  eflScacious  help  which 
provided  them  with  the  first  necessities  of  life,  and  allowed  them  to 
devote  themselves  exclusively  to  scientific  studies. 

"With  the  object  of  encouraging  such  young  workers,  who  for  want 
of  sufficient  resources  find  themselves  powerless  to  finish  works  in 
course  of  execution,  -  -  -  I  bequeath  to  the  Academy  of  Sciences 
-  -  -  100,000  francs,  -  -  -  the  interest  to  be  distributed  yearly 
by  way  of  encouragement  to  any  young  men  who  have  made  them- 
selves known  by  some  interesting  works,  and  more  particularly  by 
chemical  researches;  -  -  -  as  far  as  possible  to  young  men  with- 
out fortune,  not  having  salaried  offices,  and  who,  from  w  ant  of  a  suffi- 
cient situation,  would  find  themselves  without  the  i)0ssibility  of  follow- 
ing up  their  researches.  These  pecuniary  encouragements  ought  to 
l)e  given  for  several  years  to  the  same  young  men,  if  the  Commissioner 
thinks  their  productions  have  sufficient  value;  -  -  -  to  cease 
when  they  shall  have  other  sufficiently  remunerative  i>ositions.'' 

M.  Janssen,  then  addressing  the  Academy,  said: 

"This  affords  an  example  to  all  who  hereafter  may  desire  to  encour- 
age the  sciences  by  their  liberality.  M.  Cahours,  who  knew  the  urgent 
necessities  of  science,  had,  like  most  of  us,  become  convinced  of  the 
need  of  introducing  a  new  form  of  scientific  recompenses. 

"Our  prizes  will  always  continue  to  meet  a  great  and  noble  necessity. 
Their  value,  the  difficulty  of  obtaining  them,  and  the  eelat  they  take 
from  the  illustriousness  of  the  body  that  grants  them,  will  always  make 
them  the  highest  and  most  valuable  of  recompenses.  But  the  value 
also  of  the  works  it  is  necessary  to  pioduce  in  order  to  lay  claim  to 
them,  forbids  them  to  beginners.  It  is  a  field  only  accessible  to  ma- 
lured  talents.  But  there  are  many  young  men  endowed  with  precious 
a])titudes,  inclined  to  pure  science,  but  turned  very  often  from  this 
envied  career  by  the  difficulties  of  existence,  and  taking  with  regret 
a  direction  towards  more  immediate  results.    And  yet  many  among 

"Per  Sir  WiUiam  Thompson,  ProceedingHj  Hoyal  Society j  1891,  vol.  L,  p.  225. 


632  ENDOWMENT   FOR   SCIENTIFIC   EESEABCH. 

them  i)Ofcisess  taleuts,  which,  if  well  cultivated,  might  do  houor  and 
good  to  science.  -  -  -  These  difficulties  are  iucrea^ied  every  day  by 
the  marked  advauce  of  the  exigeucies  of  life. 

"  We  must  find  a  prompt  remedy  for  this  state  of  things,  if  we  do  not 
wish  to  see  an  end  of  the  recruitment  of  science.  This  truth  is  begin- 
ning to  be  generally  felt.  The  Government  has  already  created  insti 
tutions,  scholarships,  and  encouragements,  which  partly  meet  the  neces- 
sity. Some  generous  donors  are  also  working  in  this  manner.  I  will 
mention  specially  the  noble  foundation  of  Mile.  Dosne,  in  accordance 
with  whose  instructions  a  hall  is  at  this  moment  being  built,  where 
young  men,  having  shown  distinguished  aptitudes  for  high  administra- 
tion, for  the  bar,  or  for  history,  will  receive  for  three  years  all  the 
means  of  carrying  on  high  and  peaceful  studies.  Let  us  say  then 
plainly  (and  in  speaking  thus  we  only  feebly  echo  the  wonls  of  the 
most  illustrious  members  of  the  Academy),  that  it  is  by  following  the 
way  so  nobly  opened  by  Cahours,  that  the  interests  and  i>rospects  of 
science  will  be  most  efficaciously  served."* 

Huxley  is  said  to  have  once  stated  that  "any  country  would  find  it 
to  its  interest  to  spend  $100,000  in  first  finding  a  Faraday,  and  then 
putting  him  in  a  position  whfere  he  could  do  the  greatest  amount  of 
work."  It  is  the  post-graduate  endowments  that  must  first  find  and 
retain  to  science  the  Faradays  of  the  future. 

A  notable  instance  of  the  need  and  value  of  such  aid  is  found  in  the 
recently  appointed  head  of  a  great  university,  who  by  such  endowments 
alone,  here  and  abroad,  it  is  said,  was  enabled  to  prosecute  his  studies 
for  ten  years  successively,  reaching  thereby  the  front  rank  in  his  chosen 
department  of  philosophy. 

III. 

Another  department  in  great  need  of  pecuniary  support  is  that  of  the 
learned  and  scientific  societies.    In  these  England  is  pre-eminent.  Our 
own  societies  have  endeavored  to  follow,  so  far  as  they  could,  their 
English  models.    The  English  societies  have  rendererl  to  science  inval 
uable  service  in  three  main  lines : 

1.  In  i>roviding  ample  means  for  the  publication  of  scientific  papers, 
showing  the  progress  and  the  results  of  their  scientific  work.  In  this 
every  society  has  taken  part. 

2.  In  the  direct  maintenance  of  original  research,  in  which  the  Royal 
Institution  has  been  most  conspicuous. 

3.  In  the  award  of  i)rizes  for  scientific  distinction;  but  still  more 
important,  in  the  distribution  of  i)ecuiiiary  aid,  for  the  prosecution  of 
special  scientific;  researches. 

(1)  Of  these,  1  regard  publication  as,  perhaps,  the  most  important; 
not  only  because  it  puts  the  world  in  possession  of  what  has  been  done 
by  investigators;  but  because  the  very  fact  that  there  are  means  of 

*  Nature,  May  7,  1891;  vol.  XLiv,  x*-  17. 
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publication,  is  oue  of  the  greatest  incitements  te  complete  and  thorough 
original  scientific  work. 

Of  the  English  societies  the  Royal  Society  is  the  oldest,  having  been 
chartered  in  1662.  It  has  published  181  volumes  of  Transdciions  and 
about  50  volumes  of  Proceedings.  For  these  purposes,  in  1881  the 
expenditure  was  between  $11,000  and  $12,000.  It  has  property  to  the 
value  of  about  two-thirds  of  a  million  of  dollars,  more  than  half  of  which 
is  in  trust  funds,  held  for  scientific  uses.  The  income  on  the  trust 
funds  in  1891  was  about  $17,500.*  In  1828  Dr.  Wollaston  in  giving  it 
$10,000  in  3  per  cent,  consols  **te  promote  scientific  researches," 
charged  upon  the  society  "not  to  hoard  the  income  parsimoniously, 
but  to  expend  it  liberally  for  the  objects  named." 

The  Royal  Institution  of  Great  Britain  was  founded  in  1779,  largely 
through  our  countryman  James  Thompson,  of  Rumford,  Vt.,  afterwards 
Count  Rumford.  In  1888  it  had  property  and  invested  funds  for  general 
purposes  to  the  amount  of  $350,000,  and  about  $40,000  of  invested 
funds  for  the  maintenance  of  its  three  i)rofessors.  In  1887  it  expended 
about  $2,000  in  publications,  and  it  has  issued  about  40  volumes.! 

The  Linnsean  Society,  now  furnished  by  the  Government  with  per- 
manent accommodations  in  Burlington  House,  free  of  rent,  was  founded 
by  Sir  James  E.  Smith  in  1788,  and  is  devoted  to  botiiny  and  zoology. 
Its  proi>erty  amounts  to  about  $32,000,  but  it  has  no  endowed  funds 
for  scientific  investigation.  For  some  years  past  its  receipts,  mainly 
from  contributions,  have  been  about  $10,000  a  year,  of  which  one-half, 
about  $5,000,  is  spent  on  its  publications,  which  now  number  nearly  50 
volumes  of  Transactions  in  quarto,  and  as  many  more  of  its  Journal. 
In  1888  $7,000  were  expended  in  publication.t 

Next  in  order  of  time  is  the  British  Association  for  the  Advancement 
of  Science,  founded  in  1831.  .It  is  sustained  chiefly  by  yearly  contribu- 
tions. Its  invested  funds  amount  to  about  $62,000.  Its  income  and 
contributions  are  about  $10,000  annually,  out  of  which  it  appropriates 
from  $6,000  to  $7,000  per  annum  for  the  encouragement  of  scientific 
investigations,  and  about  $1,800  annually  for  its  yearly  volume  of  x)ro- 
ceedings.    Its  publications  now  number  twenty -five  volumes.§ 

Tlie  Ray  Society  was  founded  in  1844.  It  was  named  after  the  Rev. 
John  Ray,  who  live4  from  1628  until  1705.  Haller,  himself  one  of  the 
greatest  scientists  of  his  time,  writing  in  1771,  in  the  full  light  of  Lin- 
naeus'fame,  calls  Ray  *'  the  greatest  botanist  within  the  memory  of  man."|| 
The  society  has  published  about  fifty  volumes  of  scientific  works  of  the 
highest  importance.  I  have  not  seen  any  statistics  concerning  its  means 
or  acquisitions;  nor  have  I  found  any  financial  report  of  the  scientific 
societies  of  Edinburgh  or  Dublin. 

*  Proceedingsy  1891,  vol.  L,  x>.  235. 

t  Report,  1888,  p.  13. 

t  Proceedings  [May  4,  1888],  1890,  pp.  15,  45. 

i  Report,  1891,  pp.  Ixxxvii  to  c.     76. 

I  Bibliotheca  Boianica, 
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(2)  Of  these  societies,  only  the  Eoyal  Institution  directly  supports 
professors  for  scientific  research.  It  has  two  laboratories,  one  chemical 
and  one  physical.  These  were  re-built  in  1872,  "in  order  that  orijjinal 
discovery  might  be  more  effecti  vely  carried  on."  The  society  was  founded 
for  the  declared  purpose  of"  promoting  scientific  and  literary  research." 
It  has  three  professors,— one  in  chenustry,  one  in  physics,  and  one  in 
physiology.  Davy,  Faraday,  Tyndall,  and  others  who  have  spent  their 
lives  there,  have  made  its  annals  immortal. 

(3)  In  stimulating  research  by  the  appropriation  of  moneys  for  spe- 
cific objects,  the  Koyal  Society  and  the  British  Association  are  the  chief 
agencies.  Besides  some  of  its  own  funds,  the  Royal  Society  distributes 
annually  £4,000,  or  $20,000,  granted  by  the  Government  "  for  the  ad- 
vancement of  science."  This  has  been  done  by  applying  it  to  numeroas 
purposes;  in  1891,  for  fifty-seven  different  scientific  objects,  in  sums 
ranging  from  $25  to  $3,000  each;  not  confined  to  natural  science  alone, 
but  including  ethnology  and  magnetic;  surveys.  Most  of  the  grants 
were  in  sums  of  about  $350  or  less.* 

Tlie  British  Association  has  disbursed  annually  for  the  last  forty 
years  from  $6,000  to  $7,000  per  annum,  upon  the  same  system  of 
dividing  it  up  for  numerous  specific  purposes;  usually  from  thirty  to 
forty  objects  yearly,  the  grants  being  in  sums  ranging  from  $25  to  $1,000. 
The  grants  are  called  for  and  expended  for  the  specific  purpose  nametl, 
and  under  the  direction  of  some  prominent  scientific  man.  Scientists 
like  Sir  William  Thompson,  and  others  of  like  renown,  have  had  the 
administration  of  many  of  these  grants.  These  have  included  for  the 
last  six  years  (save  in  1890),  the  appropriation  of  $500  per  year  for  a 
table  in  the  Naples  Marine  Laboratory.! 

We  have  no  single  society  in  this  country,  save  the  Smithsonian,  that 
can  rival  in  importance  those  that  I  have  named  in  England.  And  the 
Smithsonian  is  not  a  society,  but  an  institution,  established  by  one 
man,  and  he  an  Englishman.  This  Institution,  based  upon  the  bequestof 
James  Smithson,  was  founded  by  act  of  Congress  of  August  10,  1840. 
I  doubt  w^hether  in  any  country  oi*  in  any  age  the  be^juest  of  half  a 
million  of  dollars  has  ever  been  followed  by  such  beneficent  results,  or 
has  ever  so  profoundly  effected  the  life  of  science  in  any  country,  as 
the  Smithsonian  Institution  has  done  in  America  during  the  last  forty- 
four  years  of  its  existence.  This  has  been  owing  (1)  to  the  wisdom  and 
the  profound  scientific  insight  ot  Prof.  Henry,  its  first  secretary  and 
director;  and  (2)  to  the  corps  of  able  assistants  and  successors  whom 
his  spirit  and  policy  have  inspired.  Its  publications  number  26  quarto 
volumes  of  ContribuUom  to  Knoicledge,  40  volumes  of  Miscellaneoiu 
Oollections,  and  44  volumes  of  Annual  Reports,  Its  Gontrilnitiom  to 
Knowledge  rival,  if  they  do  not  excel,  in  rarity  and  importance,  tbe 
l)ublications  of  any  other  society  during  the  samei)eriod.    Its  expendi- 


*  Proceedings,  1891,  vol.  l,  p.  242. 
t  Reportf  1890,  p.  90. 
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re  iu  i>ablicutioiis  is  about  $12,500  a  year.  Under  Prof.  Henry  a 
►od  deal  was  done  in  research.  Under  Prof.  Langley,  the  present 
rector,  astro-physical  research  is  carried  on.  Besides  the  direct 
ientific  work  of  the  Institution,  however,  its  influence  has  been  very 
eat,  especially  in  its  relations  with  the  other  departments  at  Wash- 
^ton,  and  as  a  medium  for  the  prosecution  of  other  scientific  enter- 
'ises,  under  authority  of  Congress.  Many  of  the  ai)propriation8  of 
>ngress  for  scientific  expeditions  for  researches  in  ethnology,  pala^ont- 
of^',  chemistry,  and  physics  have  been  due  to  the  jiresenceand  co-op- 
ation  of  the  Smithsonian  Institution.  For  ethnologic  researches 
one,  during  the  last  twelve  years,  under  the  administration  of  the 
[Tiithsonian,  Congress  has  appropriated  $400,000;  to  palaiontologic 
searches  within  the  last  three  years,  $160,000;  to  chemical  and  phys- 
al  research,  $G8,000;  and  to  astro-physical  research,  $10,000.  Be- 
des  these,  there  have  been  for  many  years  appropriations  for  main- 
liniiig  the  important  investigations  of  the  Coast  and  Geodetic  Survey, 
Qd  of  the  Weather  Bureau  in  Meteorology;  and  for  the  great  scien- 
Bc  work  of  the  Naval  Observatory,  and  of  the  various  scientific  di vis- 
ma  of  the  Agricultural  Department  and  of  tlie  Geological  Survey, 
►nr  Government  has  been  by  no  means  inactive  in  science. 

The  principal  American  scientific  associations,  omitting  those  of 
>mparatively  recent  origin,  are  the  American  Philosophical  Society  of 
hiladelphia,  originally  founded  in  J  744;  the  American  Academy  of 
.rts  and  Sciences  at  Boston;  the  Boston  Society  of  Natural  History; 
le  Academy  of  Natural  Sciences,  and  the  Franklin  Institute,  at  Phil 
delphia;  the  latter  founded  in  1824  (see  Journal^  vol.  i,  pp.  71, 129); 
tie  New  York  Academy  of  Sciences  (a  continuation  of  the  Lyceum  of 
Tatural  History);  the  National  Academy  of  Science  at  Washington, 
mnded  in  1863;  and  the  American  Association  for  the  Advancement 
r  Science.  Of  these,  the  Philosophical  Society  has  published  29  vol- 
mes  of  its  Transactions)  the  American  Academy,  20  volumes  of 
\ansactions  and  9  quarto  volumes  of  Memoirs;  the  Boston  Society  of 
Tatural  History,  25  volumes,  at  a  cost  of  about  $G00  per  year;  the 
Lcademy  of  Naturjil  Science  of  Philadelphia,  48  volumes  of  Proceed- 
igs  and  12  quarto  volumes  of  its  Journal,  at  an  average  cost  of  about 
1,000  per  year;  the  Franklin  Institute,  1.'^  volumes  of  its  Journal; 
he  New  York  Academy  and  its  predecessor,  about  30  volumes  of 
transactions  and  Annals;  the  National  Academy,  3  quarto  volumes  of 
iemoirs  and  some  volumes  of  Proceedings;  and  the  American  Associ- 
tion  for  the  Advancement  of  Science,  about  40  volumes  of  Proceed- 
igs. 

The  latter  society  had  in  1891  a  *' Research  Fund  "  of  $5,254.  {Pro- 
ceedings 1891,  p.  441.)  None  of  the  other  societies,  so  far  as  I  can  find, 
as  any  fund  specially  devoted  to  research,  or  makes  any  specific 
ppropriations  therefor.  The  National  Academy  and  the  Academy  of 
hiladelphia  have  each  some  funds  for  their  support,  and  the  latter  also 
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the  Jessup  Puud  for  students  in  science,  on  which  the  income  is  about 
$550  yearly.  The  Philosophical  Society  from  time  to  time  awards  the 
prize  established  by  John  Hyacinth  de  Magellan  in  1786,  an  oval  gold 
plate,  "for  the  most  useful  discovery  or  invention  in  navigation  or 
science.''  One  of  the  earliest  awards  of  this  i)rize  was  for  painting 
lightning  rods  with  black  lead. 

The  American  Academy  of  Arts  and  Sciences  awards  a  gold  and 
silver  medal  from  a  bequest  of  $5,000,  made  to  it  by  Count  Bumford, 
who  in  1796  made  a  similar  betiuest  to  the  Royal  Society.  In  1888  this 
prize  was  most  worthily  awarded  to  Prof.  Michelson  for  Ids  researches 
in  light.* 

The  Boston  Society  of  Natural  History  has  a  general  fund,  of  which 
the  income  is  about  $6,000.  It  has  also  a  small  Walker  prize  tani 
and  a  grand  prize  fund,  from  which  in  1884  it  awarded  a  grand  prize 
of  $1,000  to  James  Hall,  of  Albany,  '*fbr  his  distinguished  services  to 
science."  It  also  administers  the  expenditure  of  about  $2,700  a  year 
for  instruction  in  laboratory  work,  drawn  from  the  Boston  University, 
and  $1,500  firom  the  Lowell  fund  for  the  instruction  of  teachers.t 

From  this  comparison  of  the  voluntary  associations,  it  appears  that 
the  property,  endowed  funds,  and  equipment  of  the  English  societies 
named  are  nearly  tenfold  greater  than  the  American,  and  their  publi- 
cations double;  while  for  direct  original  research,  our  societies  main- 
tain no  laboratories  and  no  professors,  as  is  done  by  the  Boyal  Institn- 
tion.  The  English  societies  distribute  yearly  Irom  $25,000  to  $30,000 
for  from  sixty  to  seventy-five  different  scientific  purposes,  while  ours 
make  no  such  appropriations,  simply  because  they  have  no  ftmds.  To 
supply  this  deficiency  there  is  need  of  large  endowments. 

The  publications  of  our  societies  are  valuable;  the  papers  have  often 
been  of  a  high  character,  rivaling  those  published  abroad.  But  the 
funds  available  for  publication  are  insufficient;  it  is  always  a  question 
of  means.  There  are  a  press  and  surplus  of  valuable  scientific  matt^^ 
which  either  is  not  printed  at  all,  or  only  gets  printed  by  sx>ecial  sub- 
scriptions for  the  purpose.  This  ought  not  to  be.  After  valuable 
original  matter  has  been  produced  with  great  pains  and  without  hope 
of  pecuniary  reward,  nothing  is  more  discouraging  to  future  research 
than  thai;  even  publicati(m  can  only  be  had  as  a  charity.  This  I  know, 
from  repeated  personal  applications,  is  the  condition  of  things  in  New 
York  at  this  moment.  It  is  not  creditable  that  in  a  State  and  country 
Hke  ours  there  should  be  practically  nowhere  adequate  provision  for 
even  the  publication  of  the  researches  of  those  who  work  for  nothing 
but  their  love  of  science  and  its  progress.  There  is  very  great  need  of 
a  considerable  publication  fund,  in  the  hands  of  some  scientific  body, 
through  which  every  valuable  contribution  to  science,  not  otherwise 
provided  for,  might  be  ensured  a  speedy  publication,  after  it  has  been 


•Pres.  Loveriug'H  Address,  Proceedings^  vol.  xxiv,  p.  380. 
t  Proceedings f  vol.  xxiv,  p,  14. 
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foand  worthy,  a.s  in  the  pnMJtice  of  the  Linnteau  Society,  first  by  a 
critical  expert  in  the  particular  department,  and  then  by  the  council 
of  publication.* 

The  stimulus  moreover  to  scientific  research  that  would  be  imparted 
by  the  distribution  of  comparatively  small  sums,  such  as  are  given  by 
the  Royal  Society  and  by  the  British  Association,  would  also  be  very 
great;  nor  is  there  any  reason  why  the  founding  of  professorships  for 
the  express  purpose  of  prosecuting  original  research  in  our  scientific 
societies,  after  the  model  of  the  Royal  Institution,  should  not  in  time 
be  followed  by  results  equally  brilliant,  and  equally  beneficial  to  man- 
kind. 

I  have  endeavored  to  point  out  three  main  directions  in  which  there 
is  urgent  need  in  this  country  of  pecuniary  endowments. 

(1)  In  relief  of  professors  during  the  transition  of  the  colleges  from 
the  school-master  system  to  the  university  system,  whereby  all  i)rofess- 
ors  in  science  shall  become  actively  enlisted  in  the  prosecution  of  original 
discovery  as  a  part  of  their  duties. 

(2)  In  providing  for  the  future  recruits  in  science,  by  more  endow- 
ments for  i>ost-graduate  study. 

(3)  By  endowments  of  our  scientific  associations,  both  directly  to 
promote  original  research,  and  especially  also  to  supply  larger  means 
of  publication. 

It  is  gratifying  to  j>erceive  what  beginnings  have  been  recently  made 
in  response  to  the  needs  of  science.  Only  a  short  time  since,  in  1885, 
Mrs.  Elizabeth  Thompson,  of  Stamford,  Conn.,  gave  $25,000  to  a  board 
of  trustees  of  which  Dr.  Bowditch,  of  Boston,  is  president,  for  the 
'^  advancement  of  scientific  research  in  its  broadest  sense.''  The  in. 
come  is  annually  distributed  in  sums  of  from  two  hundred  to  five  hun- 
dred dollars. 

Mr.  Hodgkins,  of  Setauket,  Long  Island,  has  recently  bequeathed 
to  the  Smithsonian  Institution  $200,000,  the  income  of  one-half  of  which 
is  to  be  devoted  to  research  into  the  i^roperties  of  atmospheric  air. 

Columbia  College  has,  during  the  past  year,  received  from  Mr.  De 
Costa's  estate,  before  referred  to,  $100,000  for  biology;  Harvard,  the 
Joseph  Lovering  fund,  above  stated ;  $10,000  from  Henry  Draper  for  the 
photography  of  stellar  spectra;  the  endowments  in  archaeology,  above 
named ;  and  some  smaller  gifts  for  various  scientific  purposes.  The 
University  of  Chicago  and  some  other  institutions  have  also  received 
important  gifts,  not  to  mention  those  yet  to  be  realized  to  other  colleges 
from  the  estate  of  Mr.  Fairweather. 

By  a  recent  bequest  of  Charles  Lenning,  the  Academy  of  Sciences  of 
Philadeli>hia  will,  in  time,  receive  $20,000;  while  half  a  million  of  dol- 
lars will  go  to  the  University  of  Pensylvania  in  aid  of  instruction  in 
theoretical  and  practical  mechanics,  and  $200,000  to  maintain  scholar- 
ships.    At  this  University,  also,  a  superb  structure  for  the  "Wistar 

*  I'rosifleut  Carruthers,  Proceedingi,  Lin,  Soc,  May,  18iK),  p.  39. 
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Institute  of  Anatomy"  is  now  building  by  Gen.  Isaac  J.  Wistar,  at  a 
cost  of  about  $200,000,  including  endowments  designed  for  original  re- 
search.* 

Our  reliance  in  this  country  must  be  mainly  upon  private,  endowments 
and  an  intelligent  appreciation  of  the  needs  of  science.  The  national 
Government  has  done,  and  is  doing,  much  in  certain  directions.  But 
aside  fi'om  the  dispositions  of  legislators,  it  is  restricted  by  the  provi 
sions  of  the  Federal  Constitution,  and  by  debated  questions  of  constitu- 
tional right.  State  aid  is  not  thus  hampered;  but  State  aid  is  difficult 
to  obtain,  to  any  adequate  degree,  on  account  of  the  previous  habits, 
prejudices,  and  political  training  of  the  people.  No  doubt  this  ought 
not  so  to  be.  The  State  of  New  York  ought,  abstractly  considered,  to 
maintain  one  university  of  the  first  class  equal  in  every  department  to 
any  in  the  world.  But  the  multiplication  of  institutions  already  exist- 
ing, local  jealousies,  and  aversion  to  State  taxation,  make  this  now 
probably  impracticable. 

The  remedy  is  with  the  people,  and  through  their  own  voluntary 
methods.  It  is  the  people  who  have  made  our  Government,  its  insti, 
tutions,  its  methods,  and  the  great  aggregate,  whatsoever  it  is,  such  as 
we  see  it  today.  Wealth  is  rapidly  accumidating;  much  of  it  in  the 
hands  of  those  who,  springing  from  the  people,  bear  the  love  of  the 
community  in  their  hearts;  and  when  they  and  the  people  at  large  shall 
come  to  see  that  the  cause  of  scientific  advance  and  the  discover}*  of 
all  new  truth  are  in  the  deepest  sense  their  cause,  responses  will,  I  Ik- 
lieve,  come  to  every  urgent  need ;  until  the  work  of  the  i>eople,  by  its 
own  methods,  shall,  even  in  science,  be  able  to  confront,  without  shame, 
the  best  work  of  the  monarchies  of  the  Old  World. 


"Since  the  above  was  written  an  additional  milUon  of  doUars  has  been  given  hy 
Mr.  John  D.  RockefeUer  to  the  University  of  Chicago,  making  $3,600,000  given  by 
him  alone  to  that  institution  within  less  than  three  years,  a  umnifioence  hitherto 
unexampled  in  private  endowments,  some  portions  of  which,  it  is  hoi>ed,  will  be 
available  for  the  maintenance  of  original  scientiiic  research. 


THE  INVENTORS  OF  THE  TELEGRAPH  AND  TELEPHONE.* 


By  Pro!'.  Thomas  Obay,  F.  R.  S.  E. 


The  word  telegraph  was  introduc'ed  abi)ut  oue  hundred  years  ago  as 
a  name  for  a  means  of  conveying  intelligence  to  a  distance  by  means  of 
signs.    The  signs  were  produced  in  a  variety  of  ways,  as,  for  example, 
by  the  shapes  or  positions  of  bodies  placed  on  high  poles,  or  by  letters 
or  words  of  sufficient  magnitude  similarly  exposed.    The  meaning  of 
the  word  telegi^aph,  inteii)reted  by  its  original  use,  would  thus  be  to 
write  or  make  signs  at  one  place  in  such  a  way  that  they  could  be  read 
or  intc^rpreted  at  a  distant  place.    It  appears,  therefore,  that  so  long 
as  we  confine  our  attention  to  ejirly  methods  of  telegraphing,  the  signs 
or  signals  were  made  at  the  sending  station  and  read  from  the  receiv- 
ing station.     Modern  usage  gives  a  slightly  ditt'erent  meaning  to  the 
word,  namely,  a  means   of  producing  visible,  audible  or  written  signs 
at  a  distance.    That  is  to  say,  the  signs  are  to  be  i)roduced  at  tlie  re- 
ceiving station.    This  was  first  a(!complished  on  an  extensive  scale  and 
at  great  distances  by  means  of  electricity.    Methods  of  transmitting 
sounds,  or  even  speech,  to  moderate  distances  by  means  of  tubes  and 
by  means  of  what  we  now  call  string,  or  mechanical  telephones  have 
however  been  known  for  several  centuries. 

Methods  of  conveying  intelligence  to  a  distance  have  been  known 
and  used  from  very  early  times.  Fires  seem  to  have  been  the  earliest 
means  employed  for  giving  signals,  and  we  find  such  signs  referred  to 
in  the  writings  of  the  Prophet  Jeremiah,  of  Eschylus,  of  Polybius,  and 
others.  Schottus,  in  his  Technica  Curiosa^  proposes  the  application  of 
the  telescope  to  view  posts  erected  on  an  eminence  at  a  distant  station, 
and  on  which  signs  were  to  be  placed.  The  Marquis  of  Worcester,  in 
his  Century  of  Inventions^  enumerates  a  day  and  anight  telegraph;  and 
Kessler,  in  his  Concealed  Artn^  proposes  to  cut  out  letters  in  boards  and 
make  them  visible  at  a  distance  by  placing  them  over  the  end  of  a  cask 
in  which  a  light  is  burning;  the  letters  or  other  characters  being  ex- 
posed in  proper  succession  any  message  can  be  transmitted. 

One  of  the  earliest  telegraphs  of  which  we  have  now  a  dire<;t  repre- 
sentative was  the  flag  signals  introduced  about  the  middle  of  the  sev- 


*  An  address  on  the  occiision  of  the  Centennial  celehration  of  the  organization  of 
the  United  States  Patent  Oftice,  deli\ered  in  Washington.  ( Proce^dimjs  and  Addresses, 
1891,  pp.  17S-198.) 
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enteenth  century  by  the  Duke  of  York  (afterward  James  II,  of  Eugland), 
who  was  at  that  time  admiral  of  the  English  fleet.  This  was  tbe 
beginuiiig  of  the  flag  telegraph  still  used  for  commuuicating  between 
ships  at  sea,  originally  introduced  for  the  purpose  of  directing  tbe 
manceuvers  of  the  fleet.  In  1684,  Dr,  Robert  Hook  communicated  to 
the  Koyal  Society  of  London  a  proposal  for  a  telegraph.  In  this 
method  the  signs  were  to  consist  of  bodies  of  different  shai)es  placed  on 
high  poles  in  an  exposed  position.  Some  years  afterwards  a  similar 
method  was  proposed  to  the  Academy  of  Scienc/Csby  M.  Amontons,  a 
French  natural  philosopher.  In  1767  Mr.  R.  L.  Edgeworth  proposed 
to  telegraph  by  means  of  the  arms  of  a  wind-mill,  the  positions  of  the 
arms  of  the  mill  to  be  used  to  indicate  the  signals.  In  1784,  the  same 
author  proposes  to  make  the  signals  indicate  numbers,  and  to  interpret 
by  means  of  vocabularies  of  numbered  words.  In  1794,  the  semaphore 
telegraph  of  M.  Chappe  was  adopted  by  the  French  Government.  This 
telegraph  consisted  of  a  high  post  and  two  bars  of  timber,  the  middle 
one  pivoted  to  one  end  of  the  other,  and  the  free  end  of  this  second 
bar  pivoted  to  the  top  of  the  post,  so  that  the  whole  of  the  motions 
could  take  place  in  a  vertical  plane.  The  positions,  relative  to  the 
vertical  or  horizontal,  of  the  two  arms  indicated  the  signal.  These  and 
other  modifications  of  the  semaphore  have  been  at  various  times  used, 
and  are  still  used  on  railways  for  train  signals. 

The  chief  interest  of  these  early  telegraphs — a  great  many  forms  of 
which  might  be  enumerated — is  in  illustrating  the  fact  that  some  means 
of  conveying  intelligence  to  a  distance  quickly  and  without  a  messen- 
ger has,  from  the  earliest  times,  been  recognized  as  of  great  importance. 
It  is  well  also  to  keep  before  us  the  things  that  have  be«n  done  in 

■ 

earher  times  when  we  attempt  to  judge  of  the  advances  which  have 
been  made  by  modern  invention. 

The  telegraph  of  to-day  is  almost  entirely  electrical,  and  in  its  pres- 
ent form  it  is  of  comparatively  recent  growth.  It  may  be  well,  how- 
ever, in  this  branch  also  to  glance  briefly  at  the  early  history  of  the 
subject.  To  begin  with  what  we  may  call  the  fable  period,  we  find  in 
the  year  1617  an  allusion  in  one  of  Strada^s  Prolusiones  Acculemicff  to 
the  belief  that  there  existed  a  sympathy  between  needles  which  had 
been  touched  by  a  species  of  loadstone,  which  caused  them  always 
to  set  parallel  to  each  other  if  they  were  free  to  take  up  such  positions. 
Two  such  needles,  it  was  said,  could  be  used  to  convey  intelligence  to 
any  distance,  because  if  they  were  pivoted  on  cards  marked  with  let- 
ters or  words  and  the  card  properly  placed,  so  that  corresponding 
letters  occupied  similar  positions,  when  one  needle  was  made  to  iwint 
to  any  letter  or  mark  the  other  needle  would  immediately  point  to  the 
corresponding  mark  on  its  card.  The  same  belief  is  refen-ed  to  hy 
Galileo  in  one  of  his  dialogues  in  1632,  and  again  by  the  Abbe 
Barthelemy  in  a  work  entitled  "Voyage  du  Jeune  An  arch  arsis,"  pnb 
lished  in   1788.    So  far  this  may  be  said  to  be  mere  fable,  but  it 
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js  uii  idea  what  were  then  liK»ke  I  upou  as  possibilities  in  maguet- 
.  and  we  can  hardly  help  comparing  with  these  ideas  some  almost 
dlly  extraordinary  ones  which  are  occasionally  expressed  at  the 
ieiit  day  with  resi>ect  to  electricity. 

he  discovery  of  Stei^hen  Gray,  in  1729,  that  the  electrical  intluen<*e 
d  be  conveyed  to  a  distance  by  means  of  an  insulated  wire,  is  prob- 
■  the  first  of  direct  influence  in  connection  with  t«legrai)hy.  As 
suit  of  this  discovery,  and  the  investigations  which  followed  it,  we 
a  considerable  number  of  proposals  to  use  electrical  forces  for  the 
smission  of  intelligence.  The  first  of  these  of  which  there  is  any 
rd  was  made  by  Charles  Morrison,  of  Renfrew  Scotland,  in  a  let- 
to  The  ScoiH*  Magazine^  PMinburgh,  for  February  17,  1753,  and 
ed  *'  C.  M.''  •  As  jnany  insulated  wires  as  there  were  chanxcters 
?  signaled  were  to  be  erected  between  the  two  stations.  At  the  re- 
ing  station  the  ends  of  the  difterent  wires  were  to  be  connected  to  a 
3.S  of  balls,  underneath  which  the  characters,  printed  on  light  pieces 
a|M3r,  were  to  be  placed.  If  any  one  of  the  wires  became  electri- 
by  the  distant  end  being  put  in  contact  with  the  source  of  electric- 
the  character  under  the  ball  on  the  end  of  it  would  be  attracted 
thus  indicate  the  signal.  An  interesting  modificaticm  was  sug- 
*ed  in  the  same  letter,  namely,  to  replace  the  balls  by  a  series  of 
•4  of  different  pitch,  arranged  in  such  a  way  that  when  the  wires 
inie  electrified  they  would  discharge  into  the  bells  and  cause  them 
ound :---''  the  electric  spark,  breaking  on  bells  of  different 
,  will  inform  his  correspondent  by  the  sound  what  wires  have  been 
3hed;  and  thus,  by  some  practice  they  may  come  to  understand  the 
^age  of  the  chimes  in  whole  words  without  being  put  to  the  trouble 
loting  down  every  letter."  A  similar  telegraph  was  invented  in  1707 
Joseph  BozoluF,  a  Jesuit  and  a  lec'turer  on  natural  philosoi)hy  in 
me.  (See  a  Latin  poem,  entitled  "Mariani  Parthenii  Electrocorum," 
n  Libros,  Roma,  1767,  p.  34.)  In  1774,  a  telegraph  on  the  same  prin- 
le  was  established  by  Le  Sage.  In  this  system  each  wire  termi- 
:ed  in  a  pith-ball  electroscope,  and  the  signals  were  read  in  accord- 
3e  with  the  indications  of  these  electroscopes,  of  which  twenty-four 
re  used.  This  telegraph  was  improved  upon  by  Lomond  in  1787, 
3  wire  only  being  used,  and  a  code  of  signals  forming  the  means  of 
erpretation.  A  similar  proposal  was  made  by  Betancourt  in  the 
ne  year  and  again  by  Oavallo  m  1795.  The  latter  proposed  to  use 
iibinations  of  sparks  as  a  code  of  signals.  In  1704,  Keizen  i)roiK)sed 
cut  letters  out  of  tin  foil,  leaving  a  series  of  short  interruptions  of 
I  tin  foil  at  short  distances  apart,  so  that  a  discharge  of  electricity 
und  the  tin  foil  would  illuminate  the  letter  by  a  series  of  sparks. 
is  method  of  producing  illuminated  patterns  is  still  a  common  class- 
m  experiment  in  physical  lectures.    The  next  to  jiropose  the  use  of 


The  qucsti<m  <»f  tlic  id<*ntity  of  "  C.  M."  Ik  disrusstMl  in  **A  History  of  Klectcic 
igrapliy,"  by  J.  .J.  Fauik  (London,  ISHt),  pp.  68-77. 
h!  Mis.  114 il 
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.static  electricity  for  tele*»ra])liic  purposes  seeius  to  have  beeu  Ronalds, 
of  Haminersmith,  in  IHKJ.  In  this  telegraph  the  letters  were  printed 
on  a  disk  which  was  mounted  on  the  seconds  arbor  of  a  clock.  One  of 
the  clocks  was  phu*ed  at  the  sending:  and  the  receivinjo:  stations,  and 
arranged  to  bring  rorresjmnding  letters  simultaneously  opi>ositea  small 
window  in  the  dial  of  the  (dock.  Wlien  the  proper  letter  was  exjwsed 
a  signal  was  sent  by  means  of  a  pith-ball  telegraidi.  This  telegraph 
was  more  complicrated  than  several  which  have  been  mentioned  alxive, 
and  reijuired  two  clocks  going  synchnmcmsly. 

In  the  year  1707  an  important  observation  was  made  by  Sulzer.  He 
found  that  when  two  plates  of  dift'ertmt  metals  were  placed  one  above 
and  the  oth(».r  below  the  tongue,  a  peculiar  sensation  and  taste  were  felt 
when  the  metals  t<m(died  each  other  outside  the  tongue.  Sulzer  failed 
to  find  the  explanation  of  this  phenomenon,  and  no  further  advance 
was  made  until  the  well-known  frog  experiments  of  Galvani  gave  fresh 
impetus  to  the  subject.  The  discoveries  of  Volta  and  the  invention  of 
the  voltaic  pile  shortly  followed.  In  the  same  year  (1H(K>)  an  attempt 
to  close  the  circuit  of  a  voltaic  battery  by  means  of  a  drop  of  water  led 
Nicholson  and  Carlisle  to  the  discovery  that  water  is  dtx*omp<ise4l  bv 
the  galvanic  current. 

This  gave  rise  to  the  galvanic  or  electrolysis  telegraphs  of  Sowuier- 
ing.  Coxe,  and  8harpe,  and  is  the  basis  of  all  the  chemical  i)rinting  and 
copying  telegraphs  which  have  in  more  recent  times  been  produeetl. 
Sommering's  telegraph  was  invented  in  1809,  and  Avas  similar  in  princi 
pie  to  that  of  Morrison,  except  that  the  decomposition  of  water  and 
consecpient  accumulation  of  gas  in  a  series  of  tubes  gave  the  iiecesi<iiry 
indicati<ms.  To  call  attention,  it  was  proposed  in  connection  with  the 
telegraph  to  liberate  an  alarm  by  means  of  an  a<'eumulation  of  gas. 

Prof.  Coxe,  of  Pennsylvania,  described  a  similar  telegraph  in  1810, 
and  proposed  to  use  either  the  decomposition  of  water  or  of  metalJic 
salts.  Mr.  J.  K.  Bharpe  proposed  a  voltaic  telegi^aph  in  1813,  and 
exhibited  it  before  the  Lords  (»f  the  Admiralty,  ''who  spoke  approv- 
ingly of  it,  but  added,  that  as  war  was  o>'er  and  money  scar«*e,  they 
could  not  carry  it  into  effect.  (See  Heperionj  of  ArU^  Second  Series 
vol.  XXIX,  p.  2.>.) 

Perhaps  the  most  important  electrical  discovery  in  its  intiuenceon 
t45legraphy  was  made  by  Bomagn^si,  of  Trente,  in  1805,  but  received 
little  attention  and  no  development  until  it  was  re-discovered  by 
Oersted  in  1S19.  This  was  the  discovery  that  a  wire  conveying' an 
electric  current  is  capable  of  detiecting  a  magnetic  needle.  In  the 
"  Uowing  year  8(*hweigger  discovered  that  the  defecting  force  va* 
increased  when  he  wound  the  wire  several  times  round  the  nmlle. 
These  two  discoveries  formed  the  foundati«)n  for  the  construction  oftbf 
galvanoscoi)es  and  galvanonu»ters  since  so  nuich  used  in  coune<'ti(Hi 
with  electrical  appliaiu^es  and  measurements.  One  of  the  most  exten- 
sive applications  has  been  to  telegraphy. 
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Galvanoscopif,  or,  as  tliey  have  been  more  ex)minoiily  called,  needle 
telegraphs  resulted  very  shortly  from  these  discoveries.  In  this  field 
of  invention  we  find,  prominent  among  the  early  workers,  the  distin- 
guished names  of  Ampere,  (lauss,  and  Weber.  Ampere  proposed  a 
multiple  wire  telegraph  with  galvanoseope  indicators  in  1820.  A  modi- 
fication of  Ampere's  telegniph  was  carried  out  by  Ritchie,  and  after- 
wards exhibited  in  Edinburgh  by  Alexander,  in  this  telegraph  thirty 
wires  were  used,  twenty-six  for  the  letters  of  the  alphabet,  three  for 
signs  of  punctuation,  and  one  for  the  end  of  a  word.  The  galvanoseope 
needles  each  carried  a  small  screen  which  in  its  normal  position  cov- 
ered the  letter,  but  which,  on  the  passage  of  a  cun-ent  through  tlie 
wire,  was  drawn  aside,  exiMJSing  the  letter  to  view.  The  transmitting 
keys  were  arranged  like  the  keys  of  a  piano-forte.  With  the  excep- 
tion of  the  use  of  galvanic  inst-ead  of  static  electricity  this  telegraph 
was  not  much  in  advance  of  the  proposal  of  Morrison.  A  single  cir- 
cuit telegraph  was  invented  in  the  year  1828  by  Tribaoillet,  who  also 
U8e<l  a  galvanoseope  as  the  iiidicator. 

In  1832,  a  fivenee<lle  telegraph  was  invented  by  Schilling,  who  also 
used  a  single  needle  and  single  cin?uit  telegraph,  using  reverse  cur- 
rents an<l  combinations  of  signals  for  an  alphabet.  Models  of  this 
telegrai)h  were  made  and  exhibited  before  the  Ejuperor  Alexander 
and  others,  but  Schilling  unfortunately  died  before  any  practical  result 
was  attained.  In  1833,  Schilling's  telegraph  was  developed  to  some 
extent  by  Oauss  and-  Weber,  who  used  it  for  experimental  purposes. 
The  chief  modification  introduced  by  these  experimenters  was  the  sub- 
stitution of  induced  currents,  produced  by  the  motion  of  a  coil  of  wire 
surrounding  a  bar  magnet,  for  the  galvanic*  currents  used  by  Schilling. 
The  following  translation  of  a  part  of  a  report  of  the  magnetic  observa- 
tions of  these  physicists  given  in  Poggandorf's  Annalen^  xxxii,  p, 
568,  is  qm>te<l  from  Sabine's  Electric  Telegraph :  ^'  There  is,  in  connec- 
tion with  these  arrangements,  a  great  and  until  Jiow  in  its  way  novel 
project,  for  which  we  are  indebted  to  Prof.  W^eber.  This  gentleman 
erected  during  the  past  year  a  double-wire  line  over  the  houses  of  the 
town  (Gottingen)  from  the  Physical  Cabinet  to  the  Observatory,  and 
lately  a  continuation  from  the  latter  building  to  the  Magnetic  Observa- 
tory; thus  an  immense  galvanic  chain  (hne)  is  formed,  in  which  the 
galvanic  cunent,  the  two  multipliers  at  the  ends  being  included,  has 
to  travel  a  distance  of  nearly  9,000  (Prussian)  feet.  The  line  wire  is 
mostly  of  copper,  of  that  known  in  commerce  as  *No.  3,'  of  which  one 
meter  weighs  eight  grams;  the  wire  of  the  multi])liers  in  the  Mag 
netic  Observatory  of  copi)er,  *  No.  14,'  silvered,  and  of  whitrh  one  giam 
measures  2.6  meters.  This  arrangement  promises  to  otter  op|)ortunities 
for  a  number  of  interesting  experiments.  We  regard,  not  without 
a<lmi ration,  how  a  single  pair  of  plates,  brought  into  conta<'t  at  the 
further  end,  instantaneously  communicates  a  movement  to  the  magnetic 
bar,  which  is  defiected  at  once  for  over  a  thousand  divisions  of  the 
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scale."  And  further  oii  in  the  same  report :  "  The  ease  and  certaiuty 
with  which  the  manipulator  has  the  direction  of  tlie  current,  and  there- 
fore the  movement  of  the  magnetic  needle,  in  his  (X)mmand,  by  means 
of  the  communicator,  had  a  year  ago  suggested  experiments  of  an 
application  to  telegraphic  signaling,  which,with  whole  words  and  eVen 
short  sentences,  completely  succeeded.  There  is  no  doubt  that  it  would 
be  possible  to  arrange  an  uninterrupte<l  telegraph  communication  in 
the  same  way  between  two  places  at  a  considerable  number  of  miles 
distance  from  each  other." 

The  method  of  producing  the  currents  in  Gauss  and  Webei*'s  exper- 
iments was  an  application  of  the  important  discoveries  of  Faraday 
and  Henry  in  the  induction  of  currents  by  currents  and  by  magnetic 
which  have  since  borne  so  very  important  fruit  in  the  field  of  dynamo- 
electric  machinery. 

On  the  recommendation  of  Gauss  this  telegraph  was  taken  up  by 
Steinheil,  who,  following  their  example,  also  used  induced  currents. 
The  important  contributions  of  Steinheil  were  the  discovery  of  the 
earth  circuit,  made  while  attempting  to  use  the  rails  of  a  railway  d& 
telegraphic  conductors;  the  invention  of  a  telegraphic  alphabet  and  a 
recording  telegraph.  Of  these  the  discovery  of  the  earth  circuit,  made 
in  1837,  has  proved  of  great  value.  An  interesting  description  of 
Steinheil's  telegraph,  together  with  illustrations  of  the  magneto-electric 
and  recording  apparatus  used  on  the  line  erect<?d  in  1837,  between 
Munich  and  Bogenhausen,  will  be  found  in  Sturgeon's  AnnaJs  of 
Ulectrwlty  (vol.  in).  This  aecount,  written  by  Steinheil  himself, 
shows  that  he  had  at  that  time  an  excellent  appreciation  both  of  the 
mechanical  and  electrical  properties  which  a  good  practical  electric 
telegraph  should  have,  and  also  that  he  was  well  versed  in  the  knowl- 
edge then  existing  of  electrical  science.  The  relative  merits  of  scopie, 
acoustic,  and  recording  telegraphs  are  discussed,  and  the  advantages, 
which  experience  has  since  brought  into  prominence,  of  the  acoustie 
telegraph  is  pointed  out.  A  very  good  discussion  of  the  most  econom- 
ical method  of  arranging  signals  for  a  telegraphic  alphat>et  will  also 
be  found  in  this  paper. 

Schilling's  telegraph,  which  we  have  just  seen,  was  the  model  on 
which  Gauss  and  Weber's,  and,  therefore,  also  SteinheiFs  telegraphs 
were  based,  was,  as  we  shall  see  presently,  silso  the  basis  of  Cooke's, 
and  of  Cooke  and  Wheatstone's  needle  telegraphs. 

Previous  to  the  date  which  we  have  now  reached  (1837),  another 
epoch-making  discovery  had  been  made,  which  has  had  great  intiu 
ence  on  telegraphy.  This  was  the  discovery  of  the  magnetizing 
intiuence  of  the  current.  The  discovery  of  Oersteil  w-as  followed  by 
Ampere  in  a  long  series  (»f  researches,  in  which,  among  other  thiDgs, 
1m*  established  the  mutual  attractions  and  repulsions  of  wires  carrying 
currents,  the  fact  that  the  voltaic  element  itself  acts  on  a  magnet  likt* 
any  other  part  of  the  circuit,  and  that  a  spiral  of  wire  forming  part 
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of  i\  circuit,  would  juaguetize  steel  iiceclles.  in  tlic  same  year  M. 
Arago  found  that  a  wire  coiiveyiug  an  electric  current  attra(*ted  iron 
filings,  and  in  1824,  the  law  of  the  variation  of  magnetic  force  with 
varying  distance  from  the  wire  was  investigated  by  Barlow.  In  1825, 
Sturgeon  found  that  a  bar  of  soft  iron  was  rendered  tem][)orarily  mag- 
netic if  surrounded  by  a  helix  of  wire  through  which  an  electric  cur- 
rent was  passing.  In  the  year  1827,  Ohm  propounded  his  celebrated 
law  of  the  conduction  of  currents.  In  1831,  Faraday  in  England,  and 
Henry  in  America,  discovered  the  induction  of  currents  by.  currents 
and  by  magnets.  We  see  from  these  leading  fticts  that  in  the  twelve 
years  succeeding  Oersted's  discovery  the  knowledge  of  electricity  and 
of  magnetism  in  the  directions  important  for  telegraphic  application 
was  very  great,  and  we  shall  see  that  it  quickly  bore  fruit. 

Schilling's  telegraph  was  exhibited  at  a  meeting  of  German  natu- 
t*alist8  held  at  Bonn  in  1835,  and  was  there  seen  by  Prof.  Muncke,  of 
Heidelberg,  who,  after  his  return  to  Heidelberg,  made  models  of 
the  telegraph  and  exhibited  tliem  in  his  class  room.  These  models 
were  seen  by  Cooke  in  the  early  part  of  1836,  and  gave  him  the  idea 
of  introducing  the  electric  telegraph  in  £}ngland.  Cooke  immediately 
set  to  work  to  construct  a  telegraph  on  a  similar  plan,  and  worked  out 
a  three-needle  system  of  signals,  which  has  been  to  some  extent  con- 
founded with  the  five-needle  telegraph  afterwards  patented  and 
iytroduced  by  him  in  conjunction  with  Wheatstone.  While  arrang- 
ingr  f^r  experiments  on  the  London  and  Manchester  Railway, 
Cooke  was  introduced  to  Wheatstone,  and  afterward  consulted  him 
as  t<^  difficulties  he  had  met  with  in  his  experiments.  A  partnership 
^oon  followed,  which  led  Wheatstone  to  devote  considerable  attention 
to  the  subject.  The  result  has  been  the  production  of  a  considerable 
variety  of  telegraphic  apparatus  of  great  value  and  ingenuity. 

Steinheil  was  anticipated  in  the  idea  of  making  the  electric  tele- 
graph self-recording  by  Morse,  of  New  York,  who,  according  to  a  con 
siderable  amount  of  evidence  brought  forward  by  Morse  himself, 
thought  out  some  arrangement  as  early  as  1832.  Exactly  what  Morse's 
first  ideas  were  seems  somewhat  doubtful,  and  he  did  nothing  till  18.35, 
when  he  made  a  rough  model  of  an  electro-magnetic  recording  tele- 
graph. This  telegraph  consisted  essentially  of  a  pendidum,  which 
Carried  a  marking  pencil  on  its  lower  end,  and  which  could  be  deflected 
by  an  electro- magnet.  The  deflections  of  the  pendulum  were  recorded 
r>Ti  a  band  of  paper,  which  was  moved  forward  by  clockwork  under 
the  pendulum,  and  simple  combinations  of  deflections  were  to  repre- 
^nt  numbers.  The  interpretation  of  the  m<»ssage  was  to  be  made  by 
Hieans  of  a  telegraphic  dictionary,  in  which  the  words,  phrases  or  sen- 
tences were  to  be  numbered.  There  was  no  hint  at  this  time  of  the 
alphabet  with  which  we  are  now  so  familiar  as  the  "Morse  Code"  or 
the  *^  Morse  Alphabet."  This  alphabet  now  almost  universally  used 
^ud  which  has  probably  done  more  than  anything  else  tov?v^^tA.  \v^\\»^x>- 
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imting  the  iianie  of  JNIorse,  beiu^  that  which  perpetuates  the  name 
''  Morse  System,"  was  not  invented  V)y  Morse  bnt  by  Vail,  who  was 
associated  with  him  in  the  (h>veh)i)ment  of  the  tek*g:rapli.*  The  die 
tionary  of  numbered  words  proposes!  by  Morse  was  proposed  by 
Ed«:eworth  in  1794,  in  connection  with  his  semaphore  telegraph.  The 
model  made  in  1835  shows  little  mechanical  ingenuity.  The  method 
of  transmitting  the  signals,  which  was  by  means  of  type  moveil 
thvough  a  contact-making  device,  was  somewhat  crude  and  much  less 
convenient  than  the  simjde  make-and-break  circuit  devices  of  several 
previous  workers;  and  the  electro-magnet  used  to  defle(*t  the  pendu- 
lum showed  almost  crmiplet^?  ignorance  of  the  principles  then  known 
of  electro-magnetism.  The  chief  points  of  interest  in  connection  with 
the  early  history  of  the  Morse  telegraph  lie  in  the  proiwsal  to  nse 
electro-magnetism  as  the  motive  force  to  move  the  recording  ]>enduluni 
and  the  idea  of  making  the  telegraph  self-recording.  Morsi*  naad^ 
positive  claims  to  have  been  the  first  to  do  both  of  these,  and  it  seems 
proper  that  his  claim  should  be  examined. 

After  the  discovery  of  Stui'geon  in  electro-magnetism  became  known 
among  scientific  men  the  subject  was  taken  up  by  Prof.  Henry,  wlw 
was  then  teaching  physics  in  Albany  Academy.  An  account  of  jwrt 
of  Henry's  experiments  was  published  in  Sillinum's  Am^ncan  Jounntl 
of  Scienoe,  for  January,  April,  and  July,  1831. 

The  following,  among  other  things,  were  subjects  of  investigation  in 
these  experiments :  The  laws  which  govern  the  magnetizing  effect  of  a 
helix  under  varying  conditions  as  to  number  of  turns  in  the  hehx,  iia 
ture  or  arrfingement  of  the  battery,  and  length  of  the  ext^^rnal  circuit: 
the  carrying  power  of  magnets  having  different  kinds  of  windinj?  and 
different  lengths  of  wire  in  the  coils;  the  construction  of  an  electnv 
magnetic  engine.    The  transmission  of  power  to  a  distance  by  means 
of  his  electro- magnetic  engine.    Among  the  applications  were  the  clos- 
ing of  a  distant  electric  circuit  by  means  of  the  armature  of  an  electrif 
magnet,  the  coils  of  which  were  included  in  another  circuit  passing 
through  an  operating  or  transmitting  station,  and  the  transmission  of 
signals  to  a  distance  by  causing  the  armature  of  an  elecrtro-magnet  to 
strike  a  bell  each  time  a  current  was  sent  through  the  coils  of  tliemag 
net  from  the  transmitting  station.    The  latter  of  these  applications  wj^? 
illustrated  by  means  of  a  model  apj)aratus  included  in  a  long  eireairof 
wire  taken  several  times  round  one  of  the  rooms  in  Albany  Academy. 
The  following  claims  made  in  this  connection  by  Professor  Henry  are 
well  founded,  and  deserve  quotaticm: 

•'(1)  Previous  to  my  investigations  the  means  of  developing  magnet 
ism  in  soft  iron  were  imperfe<;tly  understood,  and  the  electric  magnet 
which  then  existed  was  inapp]i<;able  to  the  transmission  of  jiowerto  a 
distance. 

"(2)  1  was  the  first  to  jirove,  by  actual  experiment,  that  in  order  to 

^  Sei'  Niiulh«oniuu  Keporf  for  1X78,  ii.  341-:il4. 
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develop  uiagiietic  power  at  a  ilistauce  a  galvanic  battery  of  ^'intensity'* 
must  be  employed  to  project  the  current  through  the  long  conductor,  and 
that  a  magnet  surrounded  by  many  turus  of  one  long  wire  must  be  used 
to  receive  this  current. 

"(3)  I  was  the  first  to  actually  magnetize  a  piece  of  soft  iron  at  a  dis- 
tance, and  to  call  attention  to  the  fact  of  the  applicability  of  my  exper- 
iments to  the  tel(3grajdi. 

•'(4)  I  tras  the  first  to  actually  soutul  a  bell  at  a  distance  by  me^ns  of 
the  electro-magnet. 

"  (5)  The  principles  1  had  developed  were  applied  by  I)r.  Gale  to  ren- 
der Morsels  machine  effective  at  a  distance.'' 

It  18  to  Henry,  undoubtedly,  that  is  due  the  credit  not  only  of  first 
I)oiiiting  out  the  application  of  electro- magnetism  to  telegraphy,  but 
also  of  supplying  the  requisite  knowledge  of  how  to  make  magnets  suit- 
able for  the  transmission  of  signals  through  long  distances,  which  ren- 
<lered  the  practical  application  possible  at  that  time.  Besides  this,  we 
8c*e  that  Henry  actually  constructed  an  experimental  line  and  made  the 
first  electro-magnetic  sounder,  which  consisted  of  a  receiving  magnet 
with  a  polarized  armature,  one  end  of  whi<*h  was  attracted  by  a  mag- 
net and  the  other  end  to  sound  a  bell.  Again,  in  the  method  of  closing 
one  circuit  by  means  of  a  magnet  in  another  circuit,  Ave  have  the  elec- 
tro-magnetic relay,  aftei'wards  re-invented  by  Morse  and  others,  and 
now  very  widely  used  on  h)ng  telegraph  circuits  both  for  closing  ''loc'al 
circuits''  and  for  "^^  translation." 

The  credit  of  inventing  tlie  electromagnetic  telegraph  was  claimed 
by,  and  has  usually  been,  popularly  at  least,  given  to  Morse.  There  has 
been  some  dispute  as  to  who  first  suggested  the  electro-magnetic  tele- 
graph, the  idea  of  it  having  arisen  out  of  a  conversation  among  the  pjift- 
sengers  on  l>oar<i  the  ship  *V////i/ during  a  passage  from  Finance  to  New 
York  in  1«S.*]2.  Dr.  Jackson,  of  Boston,  claime4l  to  have  been  the  originator 
of  the  idea,  and  it  sc*ems  not  unlikely  that  information  which  he  is  said 
to  have  given  with  reference,  to  the  early  ex|)eriniental  telegraphs  then 
being  worked  on  and  exhibited  in  various  ])arts  of  Kiuope  did  originate 
the  idea.  It  is  notclc»ar  however  that  the  use  o\'  the  electro-magnet  was 
suggested  by  Jackson,  and  there  issufticientevi<lencetoshowthat  Morse 
liad  had  opportunities  of  seeing  a  copy  of  Sturge<m's  magnet  in  Prof. 
Dana's'lab<»ratory  in  New  Y<u"k.  The  magnet  made  by  Morse  was  itself 
almo^^t  an  exact  copy  of  this,  and  it  was<nily  after  failure  with  it  that  he 
ai>i>ealed  to  Dr.  (xalc  for  assistaiUM'.  Or.  (Jale  gave  the  necessary  in- 
formation and  supplied  the  materials  foi- making  the  clmnge,  aftei  wards 
informing  Morse  that  he  had  IcanuMl  liow  to  arrange'  siieh  an  apparatus 
from  the  writings  of  Prof.  Menry,  Pro])ably  the  idea  of  using  an 
t'lwtro- magnet  was  original  with  ^forse.  He  did  not  know  of  Henry's 
work  or  indeed  anything  al>out  the  subject  beyond  the  few  exiieri- 
iiM^uts  in  whii'h  he  had  seen  Sturgeon's  magnet  used,  an<l  would  natu- 
rally turn  to  that  means  of  obtaining  motive  force.     It  is  not  nee'essary, 
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however,  wlieii^iviii^  Morse  due  credit  for  his  originality,  to  ignore  the 
faot  that,  although  unknown  to  him,  the  scientific  part  of  the  invention 
had  already  been  worked  out  by  Henry,  and  besidas  that,  throngh  Dr. 
Gale,  Morse  actually  made  use  of  Henry's  discoveries  before  he  suc- 
ceeded in  making  his  sclieme  practicable.    Morse  afterwards  objected 
to  Henry's  claims,  which  were  brought  before  the  public  by  enforced 
testimony  in  the  law  courts,  and  not  by  any  individual  motion  on 
Henry's  part.    The  public  have  lauded  Morse  and  have  paid  him  liber- 
ally for  the  little  he  actually  did,  while  it  was  with  great  difficulty  that 
Congress  could  be  persuaded  to  make  a  petty  allowance  to  Henry's 
family,  although  he  had  been  for  many  years  a  public  servant,  and 
besides  had  probably  added  more  than  any  other  man  to  the  scientific 
reputation  of  the  United  States.    Many  people  think  that  scientific 
men  ought  not  to  patent  their  discoveries.    Which  is  the  better  known 
name,  Henry  or  Morse!    Would  not  Henry  have  gained  both  in  popa- 
larity  and  in  scientific  reputation  if  he  had  patented  and  made  the 
public  pay  liberally  for  his  discoveries? 

From  the  brief  sketch  just  given  it  will  be  seen  that  in  looking  over 
the  history  of  the  early  endeavors  to  produce  a  telegraph  many  ideas 
have  been  brought  forward  as  to  codes  of  signals,  alphabets,  telegraphic 
dictionaries,  methods  of  calling  attention  by  alarm  apparatus,  methods 
of  arranging  and  operating  the  circuits,  and  so  on,  that  only  required 
an  efficient  motive  force  to  render  them  practical  and  reliable  systems. 
In  reviewing  the  subject,  therefore,  we  are  forced  to  the  conclusion  that 
the  telegraph  was  not  the  invention  of  any  man,  but  the  result  of  a 
gradual  growth  toward  which  many  minds,  some  of  them  the  ablest 
the  scientific  world  has  known,  have  contributed. 

We  have  now  reached  a  stage  in  the  history  of  this  subject  when  in 
ventors  may  be  said  to  have  had  the  fundamental  principles  of  the  sub- 
ject, as  it  now  stands,  before  them  and  we  have  simply  to  look  for  de 
velopments.  These  developments  have  been  great  and  of  a  very  varied 
character.  It  is  impossible  in  this  address  to  do  more  than  sketi^h  a 
few  of  their  leading  features. 

As  already  stated,  the  telegraph  of  Schilling,  through  a  model 
exhibited  by  Prof.  Muncke,  of  Heidelberg,  gave  the  ideas  of  an  elec- 
tric t>elegraph  to  Cooke  in  the  year  1836.  It  appears,  also,  that  Wheat- 
stone  was  aware  of  these  early  exi)eriments,  and  had  himself  paid 
some  attention  to  the  subject.  His  experiments  on  the  velocity  of  elec 
trieity,  made  in  1834,  are  sufficient  to  show  that  he  was  at  that  time 
aware  that  signals  could  be  produced  at  the  end  of  long  circuits  of 
wire  by  electrical  means.  The  joint  work  of  Cooke  and  Wheatstone 
led,  within  a  few  years,  to  considerable  improvements  in  the  needle 
telegraphs.  The  various  forms  of  needle  telegraph  used  by  them, 
resulting  in  the  final  adoption  of  the  single-needle  system,  for  a 
long  time  extensively  used  in  England,  were  passed  over  in  a  fev 
years.    Various  modifications  of  the  needle  telegraph  were,  somewhat 
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later,  pati»iited  by  the  brothers  H.  and  E.  Ilightou,  iueluding  an  inter- 
esting form  in  which  the  current  was  passed  throug:h  a  strip  of  gold 
leaf  placed  in  front  of  the  pole  of  a  magnet.  Each  time  the  current 
passed  the  gold  leaf  was  deflected,  and  thus  served  in  place  of  ati 
index  needle. 

A  patent  was  granted  to  Wheatstone  and  Cooke  in  1840  for  improve- 
ments in  giving  signals  and  sounding  alarms  at  distant  places  by 
means  of  electric  currents.  In  this  patent  the  first  form  of  the  letter- 
showing,  dial,  or  A,  B^  C  telegraph,  as  it  has  been  variously  called,  is 
dcvscribed.  Improvements  were  subsequently  made  in  this  apparatu.^ 
by  Wheatstone,  and  several  modifications  have  been  made  by  other  in 
ventors,  of  which  the  best  known  are  Brequet's,  Froment's,  Siemens^ 
Chester's,  Kramer's,  Siemens  and  Halske's,  and  Hamblet's.  The  first 
apparatus  devised  by  Wheatstone  was  actuated  by  voltaic  electricity, 
but  in  the  later  forms  magneto-electricity  wai*  applied.  One  or  other 
of  these  methods  has  been  used  in  the  other  forms  of  apparatus  for 
the  same  purpose.  Wheatstone  also  worked  on  a  type-printing  tele- 
graph, which  was  a  modification  of  his  A,  B,  C  instrument,  but  it 
never  came  into  practical  use.  Probably  the  greatest  achievement  of 
WTieatstone,  judged  at  least  by  its  practical  results,  was  his  automatic 
recording  telegraph,  which  is  so  largely  used  for  press  and  other  long 
dispatches  in  England,  and  which  has  attained  to  marvellous  speeds 
for  a  mechanical  recorder. 

Morse's  telegraph  first  came  before  the  Patent  Office  in  the  form  of  a 
caveat  filed  by  him  on  the  3d  of  October,  1837.    The  following  inven- 
tions were  specified :  First,  a  system  of  signs  by  which  numbers,  and 
ei>nsequently  words  and  sentences,  are  signified;  second,  a  set  of  type, 
adapted  to  regulate  and  communicate  the  signs,  with  rules  in  which 
to  set  up  the  type;  third,  an  apparatus  called  the  port  rule,  for  regu 
lating  the  movement  of  the  type  rules,  which  rules,  by  means  of  ihe^ 
tyi>e,  regulate  the  times  and  the  intervals  of  the  passage  of  electricity ;; 
fourth,  a  register,  which  records  tht;  signs  permanently;  fifth,  a"  dic- 
tionary, or  vocabulary  of  words,  numbered  and  adapted  to  tltfe  sys- 
tem of  telegraph;  sixth,  modes  of  laying  conductors  to  preserve  themi 
from  injury. 

This  caveat  gives  a  good  idea  of  the  invention  by  Morse  of  the  re- 
cording telegraph  previous  to  his  partnershij)  with  Vail.    Thei)artner- 
ship  was  agreed  upon  in  September,  1837,  and  according  to  it  Mr.  Vail; 
undertook  to  construct  at  his  own  expense  and  exhibit  before  a  com- 
mittee of  Congress  one  of  the  telegraphs  ''of  the  plan  and  invention  of 
Morse;"  that  he  should  give  his  time  and  personal  services  to  the? 
work,  and  assume  the  expense  of  exhibiting  the  apparatus  and  of  pro- 
curing patents  in  the  United  States.     In  consideration.  Vail  was  to  re- 
ceive one-fourth  of  all  the  rights  in  the  invention  in  the  United  States- 
Provision  was  also  made  for  securing  to  Vail  an  interest  in  any  foreign." 
patents  which  he  might  furnish  the  means  to  obtain.*     A  large  amount . 

*See  F.  L.  Pope  in  the  Century  Magazine,  vo  .  xxxv.  y  Vil^  el  He\^. 
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of  document  a  rf  evideiMH*  beaiiug  on  the  development  of  the  telegraph 
exists  in  the  jMSsession  of  Mr,  Vail's  family,  and  in  the  National  Mn 
seum  at  Washington.     From  this  evidence  there  seems  no  doubt  but 
tliat  Morse  assumed  and  has  been  accorded  very  much  more  than  liis 
share  of  the  credit  of  the  invention  of  the  teleg:i"ai>h  a  sit  is  now  known. 
The  patents  taken  out  in  Morse's  name  included  many  important  im 
l)rovemeuts  which   were  entirely  due  to  Vail,  and   for  which  Mom* 
promised  to  give  him.,  credit,  a  promise  which  was  never  publicly  re- 
deemed.   The  alphabet  now  used  was,  as  I  have  already  said,  worked 
out  by  Vail,  who,  it  appears,  lirst  began  its  formation  by  an  attempt 
to  (classify  the  letters  of  the  alphabc^t  according  to  frequency  of  <K*car 
rence,  witli  the  view  of  giving  these  letters  to  simplest  siglis*  -  After 
working  on  this  for  soine  time,  it  occuired  to  him  that  VaUia'nle  iiifor 
mation  might  be  obtained  in  a  printing  office,  and  a  visit  to  an  adJH 
cent  ]iews]»aper  office  showed  him  the  whole  ])roblem  solve<l  in  tlit* 
printers'  type  tray.     The  alphabet  which  he  afterwards  formed  is  still 
used  ill  this- <Hmii try  and  aliso.  with  some  simplifications,  as  a  £uit)peaii 
and  international  code.     The  modification  of  the  recording  apparatus 
from  the  vertical  i)eudulum  and  recording  pencil  to  the  conipaet  instni- 
ment  with  a  horizontal  lever  and  metallic  stylus,  marking  by  indents 
tion,  nse<l  on  the  first  telegraphic  line  between  Washington  and  Baiti 
more,  was  also  due  U)  Vail.     .Many  other  things  might  be  mentioned  h* 
show  that  in  the  early  stages  of  this  invention,  which  has  marlied  s«» 
wide  a  stej)  in  our  modern  civilization,  the  name  of  Vail  deserves  a 
prominent  ])lace.     It  is  very  unfortunate  that  his  own   modesty,  to 
gether  with  his  confidence  in  Morse's  promises  to  do  him  justice,  piv 
vented  the  matter  from  being  publicly  ventilated  during  the  lifetiini* 
of  the  inventors. 

After  several  unsuccessful  attempts  to  in<luce  Congress  to  assume 
the  expense  of  building  a  line  of  sufficient  length  to  pra<*tically  test  tlie 
jjroposals  of  Morse,  an  appropriation  of  ^^O,^)!)  was  made  in  March. 

1843,  tV)r  the  purpose  of  building  a  line  from  Washington  to  Baltimoiv. 
This  line  was  completed  and  successfully  opened  on  the  24th  of  May. 

1844.  The  system  practically  introdnciKl  with  the  opening*  if  this  line, 
modified  in  some  of  its  mechanical  details,  has  ccmtinned  to  be  the 
prin<»ipal  one  used,  and  is  the  basis  of  most  of  the  recording  telegnipli?* 
in  all  (countries.     One  important  modification  should  however  be  hu'h 
tioned,  that  is  the  wide  use  of  the  dic'k  of  the  armature  for  readinfc  the 
message  in  preference  to  the  recorder.     This  is  a  return  to  the  electn) 
magnetic  acoustic  telegraph  of  Henry.     It  gi>'es  (me  of  the  simplest 
possible  receiving  instruments,  and  as  was  long  ago  pointwl  out  by 
Steinheil,  poss(»sses  the  great  advantage  that  it  leaves  the  eyes  of  th** 
operator  disengaged.     Of  other  forms  of  telegraphic  aiiparatus,  the 
most  important  are  the  type  i>rin ting  telegraph.     Among  the  early 
inventory  of  these  we  t\ud  VwiU  who  invented  a  type-printing  telegraph 

ns  early  as  l«So7,  and  Wheatstow^;  \i\\\)  \V<i  ^\^^V  \\\>As^v\xv'^\v\  ^^^a^'ticaJIy 
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iisecl  was  invented  in  1840  by  Koyal  E.  House,  of  Vermont.  This 
instrument  was  used  for  some  time  iu  the  United  States,  and  was 
brought  to  a  (considerable  degree  of  perfection.  It  worked  on  th(^  step- 
by-step  principle  and  was  patented  in  1846.  Another  type-printing 
telegi'aph  of  great  ingenuity  was  invented  by  D,  E.  Hughes,  of  Ken 
tucky.  This  apparatus  embodies  many  of  the  featiu*es  of  the  appa- 
ratus used  at  present  in  this  country,  which  is  a  modification  of 
Hughes's  instrument  due  to  Mr.  Phelps.  The  Hughes  instrument  is 
still  largely  used  in  France  and  to  some  extent  in  other  European 
L!Ountries.  The  Hughes  patents  in  this  country  were  i>urchased  in  1856 
by  the  American  Telegraph  Company,  and  the  apparatus  has  under- 
;i:one  successive  modification  at  the  hands  of  Mr.  Phelps,  tending 
towards  simplification,  accuracy  of  working,  and  increased  speed. 
Due  of  the  latest  modifications  is  known  as  the  Phelps's  Electro-Motor 
Telegraph,  in  which  the  mechanism  is  driven  by  means  of  an  electro- 
motor which,  running  at  a  high  s]>eed,  allows  the  clock-work  train  to 
be  short  and  light.  The  principle  here  used  is  the  synchronous  move- 
ment of  a  transmitting  shaft  on  the  transmitter  and  type-wheel  of  the 
re(*eiver,  Sychronism  is  obtained  by  a  governor,  and  continuous  rapid 
motion  is  ke])t  up.  The  letter  printed  is  regulated  by  the  position  of 
the  transmitting  shaft  when  the  circuit  is  closed,  this  position  being 
under  the  control  of  the  operator.  Phelps  is  also  the  inventor  of  stock 
telegraphs  and  private  line  imnting  telegraphs,  and,  besides  his  simi- 
lar instruments  have  been  invented  by  Laws,  Calahan,  (Iray,  an<l 
>thers.  These  instruments  work  on  the  step-by  step  principle  and  all 
>f  them  are  beautiful  specimens  of  mechanism  and  scientific  ingenuity. 
Another  system  of  recording  telegra])h  messages  requires  notice — 
bhat  IS  the  chemical  method.  We  have  seen  that  very  early  in  tele- 
^i-aphic  history  the  decomposition  of  liquids  and  of  solutions  of  salts 
were  made  the  basis  of  t<»legrai)hs.  It  was  socm  found  that  a  ribbon 
>f  paper  or  cloth  saturated  with  certain  chemicals  could  be  very  read- 
ily marked  by  the  passage  through  them  of  the  eh*ctric  current.  One 
r>f  Morse's  first  ])hins  appears  to  have  been  a  ch(»mi<*al  telegraph,  but 
that,  I  believe,  was  never  worked  out.  The  first  patent  for  sm.'h  a 
telegraph  was  given  iu  England  to  Edward  l>avy  in  183S,  but  the  sys- 
tem never  came  into  ])ractical  use.  It  was  complicated  in  construc- 
tion ami  recpiired  four  line  wires.  One  interesting  feature  was  the 
use  of  an  electro-magnetic  escapement  for  moving  the  paper,  an  idea 
which  had  occurred  to  Cooke  and  to  Wheatstone  some*  years  earlier. 
The  first  successful  chemical  telegraph  was  due  to  Bain,  of  Edinburgh, 
and  was  patented  in  1846.  In  this  system  it  was  ])roposcd  t^)  transmit 
the  message  by  an  automatic  transmitter,  using  a  punched  slip  of 
l)aper  to  regulate  the  contacts.  Some  difficulties  with  the  mechanical 
operation  of  preparing  tlie  necessary  stencil  slips  prevented  this  being 
very  successfully  used,  bur  the  chemical  record  v?ws  ws^^^vw  >?\wsvvj 
yeurs  both  in  England  and  Aujerica.    With  t\Md  vvv\vaywV\\^  wo'^  wn  jCnNs^v^vj^ 
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for  transmission,  very  high  speeds  can  be  attained  by  this  method  of 
recording:  the  signals. 

The  chemical  method  of  recording  has  been  mostly  used  for  copying 
or  autographic  telegraphs,  and  of  these  a  considerable  number  have 
been  devised.  The  autcmiatic  method  of  transmission  ha«  been  broufjlit 
to  a  high  state  of  perfection.  Among  others  who  have  worked  at  tlie 
subject  are  Wheatstone,  Siemens  and  Halske,  Garnier,  Humaston, 
Little,  Edison,  Park,  Thomson. 

The  next  important  step  in  telegraphy  was  the  employment  of  oue 
line- wire  to  convey  more  than  one  message  at  the  same  time.  A  solu- 
tion of  the  problem  of  sending  two  messages,  one  in  each  direction,  was 
attempted  by  (iintt  of  Vienna,  in  1853,  and  in  the  following  year  by 
Frischen  and  by  Siemens  and  Halske.  These  methods  were  not  very 
successful,  but  they  were  mechanically  sufficient  for  the  purpose. 
They  however  left  out  an  important  item  in  the  account,  namely,  the 
electrostatic  capacity  of  the  line.  The  i>roper  solution  of  the  difficulty 
was  given  by  J.  B.  Steams,  of  Boston,  in  1871,  who  solved  the  problem 
completely,  so  far  at  least  a«  land  lines  were  concerned.  The  same 
principle  is  sufficient  for  all  purposes,  but  some  important  moditicatioDS 
in  detail  are  necessary  for  submarine  cables.  These  modifications 
were  successfully  made  by  Muirhead,  of  Tendon,  and  at  the  present 
time  duplex  working  is  an  ordinary  accomplishment.  The  chief  work- 
ers in  this  field  were  Frischen,  Siemens  and  Halske,  Stark,  Edhmd; 
Gintt,  Nystroin  Preece,  Fur  Nedden,  Farmer,  Maron,  Winter,  Steams, 
and  Muirhead. 

Next  the  problem  of  sending  two  messages  in  eaeh  direction  was 
worked  out.  This  involves  the  additional  i)roblem  of  the  simultaneous 
sending  of  two  messages  in  the  same  direction.  The  solution  of  this 
problem  was  attempted  by  Dr.  Wm.  Gintt,  of  Vienna,  in  1853,  and  during 
the  following  ten  years  it  was  worked  at  by  Borscha,  Kramer,  Maron, 
Schaak,  Shreder,  Wartman,  and  others.  The  first  to  obtain  success 
was  Edison,  in  1874;  and  his  method,  with  some  mollifications,  is  still 
used.  Systems  of  quadruplex  were  also  invented  by  Gerrit  Smith,  in 
1875  and  1876,  of  the  Western  Union  Company,  and  a  modification  of 
Edison^s  method  was  made  by  Prescott  and  Smith.  Smith's  1876 
method  is  knciwu  as  the  West4*rn  Union  Company's  Standard  Quad- 
ruplex. 

A  system  of  multiple  transmission  was  devised  by  M.  G.  Farmer, 
of  Salem,  in  1852,  in  which,  by  a  commutation  arrangement,  the  line- 
wire  was  put  successively  in  contact  with  a  number  of  lo<*al  circuits. 
A  similar  system  was  exhibited  by  Meyer  at  the  Vienna  Exposition  in 
1873,  and  an  improved  form  was  introduced  a  few  years  ago  by  Delany, 
which  is  in  use  in  several  countries.  These  systems  are  of  use  if  the 
line- wire  is  capable  of  doing  more  work  than  any  one  of  the  stations  is 
capable  of  supplying,  and  way  \i^\\>L^A\^^  lv\  v^w<^  of  the  main  wires 
from  the  central  to  a  distTict  te\e\>\\o\\^  c-^Ock^cvx^^.^VOcvXNxv^  fKSRK«#8^v 
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that  all  the  correspondence  goes  on  simultaneously,  and  there  need 
be  no  difficulty  as  to  precedence.  Distinctive  from  these  is  the  har- 
monic telegraphs  of  Elisha  Gray,  Edison,  and  Bell.  In  this  system, 
which  has  been  most  completely  worked  out  by  Gray,  any  number  of 
messages  may  be  sent  simultaneously,  without  reference  to  speed  of 
transmission.  In  principle,  the  method  consists  in  causing  each  of  a 
number  of  vibrating  reeds  at  one  end  to  i)ruduce  imlsations  of  the  cur- 
rent flowing  through  the  line,  which  have  the  same  peiiod  as  the  vibra- 
tions of  the  reed.  A  corresponding  set  of  reeds  at  the  receiving  end  of 
the  line  are  arranged  so  as  to  be  ac^ted  on  electro-magnetically  by  the 
current.  Each  of  these  receiving  reeds  will  respond  only  to  the  pulsa- 
tions of  its  own  natural  period,  and  hence  only  to  the  vibrations  of  the 
corresponding  reed  at  the  sending  end.  The  continuity  of  these  vibra- 
tions may  be  broken  up  by  means  of  a  sending  key,  and  thus  a  mes- 
sage transmitted  in  the  ordinary  ^'  Morse"  alphabet. 

The  autographic  or  writing  telegraphic  apparatus,  wliich  has  been 
developed  of  recent  years,  is  of  great  interest,  both  from  the  fact  that 
the  handwriting  of  the  sender  is  reproduced  in  facsimile,  and  from  the 
great  ingenuity  of  the  api)aratus  employed.  The  writing  telegraph  of 
Cowper  and  the  telautograph  of  Elisha  Gray  are  good  examples  of  this 
mode  of  transmitting  messages. 

In  Gowper's  system  two  rectangular  components  of  the  motion  of  the 
pen  are  made  to  vary  the  resistance,  and  consequently  the  current,  in 
two  line  wires.  These  currents  act  on  two  electro-magnets  at  the  re- 
ceiving station,  and  the  armatures  of  the  electro-magnets  are  arranged 
to  produce  two  rectangular  components  of  the  motion  of  the  receiving 
l^en.  Bands  of  paper  are  kept  moving  at  approximately  the  same  rate 
under  each  of  these  pens,  and  hence  the  characters  traced  by  the  motions 
of  the  transmitting  i)en  are  reproduced  with  considerable  accuracy  by 
the  receiving  pen  in  consequence  of  the  varying  ]x>sitions  of  the  arma- 
tures of  the  receiving  magnets,  caused  by  the  variations  of  the  current. 
In  Gray's  apx)aratus  two  rectangular  components  of  the  motion  of  the 
transmitting  pen  send  pulsatory  currents  into  the  line  wire.  These 
pulsatory  currents  cause  corresponding  movements  of  the  armatures 
of  two  receiving  magnets,  which  are  made  to  move  the  receiving  pen  in 
corresponding  directions,  and  through  proportionate  distances.  Sepa- 
rate electro-magnetic  arrangements  lift  the  pen  oflf  the  paper  between 
the  words  and  at  the  end  of  the  lines,  and  allow  the  receiving  pen  to  be 
moved  backwards  or  forwards  without  marking  the  \)aper.  Still 
another  electromagnetic  arrangement  is  used  to  move  the  paper  for- 
ward between  the  lines.  The  whole  apparatus  is  exceedingly  ingenious, 
but  much  too  extensive  and  complicated  to  admit  of  clear  description 
here. 

Although  the  mere  extension  of  telegraphs  from  land  to  submarine 
lines  can  hardly  be  called  an  invention,  yet  very  nuuiy  new  problems 
|)re8ented  themselves  for  solution  in  this  extension.     Many  ot  Iteis^ 
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problems  wen*  of  a  more  purely seieutitic  character  than  those  presented 
in  the  developments  which  had  been  in  progress,  and  t!C)iise<iueiitly 
tested  the  knowledge  then  existing  of  the  laws  of  electricity  much  niori' 
severely.  It  was  very  soon  discovered,  for  example,  that  the  rate  at 
which  signals  could  be  transmitted,  aud  the  battery  power  or  other 
electro-motive  force  necessary  to  efl'ect  the  transmission,  did  not,  aHin 
land  lines,  dei)end  almost  entirely  on  the  size  and  leugth  of  the  con 
ductors  used.  The  electnmtatic  capacity  of  the  line  immediately  began 
to  play  an  important  ])art,  and  signals  were  found  not  to  be  transmittal 
so  instantaneously  as  they  were  on  existing  land  lines.  Again,  there 
was  no  op])ortunity  of  using  relays,  so  as  to  effectively  shorten  the  Ion 
ger  lines,  and  the  investigations  of  Thomson  led  him  to  i>oint  out  that 
the  rate  of  signalling  would  be  inversely  an  the  square  of  the  length. 

Such  difficulties  as  these,  combined  with  the  very  evident  difficulties 
involved  in  manufacturing  and  submerging  a  cable  in  deep  water,  vere. 
to  say  the  least,  discouraging.  Experiments  on  short  lengths  in  the 
Knglish  channel  and  elsewhere  i)roving  successful,  faith  in  the  \Hm\ 
bility  of  longer  cables  grew,  aiul  very  soon,  through  the  enterprise  of  a 
few  American  and  English  business  and  scientitic  men,  an  attempt  was 
made  to  Jay  a  cable  across  the  Atlantic.  The  history  of  that  undertak- 
ing and  its  various  fsiilures  are  almost  common  knowledge,  but  i>erse 
verance  concjuered  all  the  difficulties,  and  to-day  no  one  thinks  of  tht? 
probability  of  failure  when  a  long  cable  is  proposed. 

The  laying  of  long  cables  brought  out  the  fact  that,  as  hjul  been  an- 
ticipated, existing  telegraphic  apparatus  was  not  of  gi'eat  enough  sensi- 
bility to  render  moderately  rapid  signaling  jiossible.     This  difficnlty 
was  almost  immediately  met  by  the  mirror  galvanoscopic  receiver  of 
Thomson,  followed  some  years  later  by  his  siphon  recorder,  which  is 
undoubtedly  by  far  the   most  sensitive  recording  telegraph  known. 
Improved  methods  of  working  cables  soon  followed,  among  which,  in 
the  early  days,  probably  the  most  notable  is  the  intnMluction  of  con- 
densers between  the  ends  of  the  cable  and  the  earth  by  Varley.    The 
successful  du])lexing  of  cables  by  Muirhead  has  already  been  referwl 
to,  but  it  is  somew  hat  curious  to  note  that  although  the  electricians 
interested  in  cable  working  were  familiar,  as  early  as  185<i,  and  \>eT 
haps  earlier,  with  the  difficulty  which  had  prevented  success  on  land 
lines,  no  one  seems  to  have  thought  of  applying  the  remedy.     As  early 
as  1858,  a  patient  was  taken  out  by  Thomson,  in  whi<*Ji  he  proposed  to 
overcome  the  difhculity  of  duplexing  a  cable  by  a  mechanical  arrange 
ment  for  varying  the  comj^en sating  currents  at  the  same  rate  that  the 
signaling  current  varies,     lie  has  since  said  that  he  did  not  profM)se 
the  use  of  condensers,  because  a  means  of  producing  a  sufficiently  ^^^ 
model  cable  was  not  then  known.     Such  a  model  cable  was  not  avail 
able  for  nearly  twenty  years  after  the  above  date,  and  was  finally  pro- 
iliicod  by  making  practievvUy  a  cow  of  the  actual  cable,  using  tinfoil 
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strips  for  the  conductor  insulated  from  jin  earth  plate  by  means  of  thin 
paraffined  paper,  so  as  to  give  electrostatic*  capacity. 

The  invention  of  the  telephone  constitutes  one  of  the  greatest  ad- 
vances that  have  been  made  in  telegraphic  communication.  This  is  an 
acoustic  telegraph,  which  has  the  very  imi^ortiint  merit  that  the  audi- 
ble signals  are  spoken  words,  and  hence  the  instruments  can  be  used 
by  anyone  Avho  can  hear  and  speak  and  who  understands  the  language 
in  which  the  message  is  transmitted. 

It  is  well  known  that  sound  is  transmitted  through  tlie  air  from  the 
source  to  the  hearer  by  waves  of  condensation  and  rarefaction,  which 
aflfect  the  drum  of  the  ear.  Wheatstone,  as  early  as  1831,  showed  that 
these  waves  could  be  transmitted  from  one  place  to  another,  at  a  mod- 
erate distance,  through  wooden  rods  and  afterward  conveyed  to  the 
ear  by  the  vibrati<ms  given  to  the  air  by  the  end  of  the  rod.  Himilarly, 
vibrations  given  to  one  diaphragm  can  be  conveyed  to  another,  at  a 
considerable  distance,  by  connecting  the  two  dia])hragms  together  by 
a  stretched  cord  or  wire.  This  appears  to  have  been  known  for  several 
centuries  in  the  rentral  districts  of  India,  and  a  similar  apparatus  was 
de^scribed  by  Hook  in  10C7.  A  similar  apparatus  is  now  used  and 
known  as  the  mechanical  telephone. 

To  cause  the  vibrations  of  one  diaj^hragm  to  produce  corresponding 
vibrations  in  another  diaphragm  at  a  distance,  through  the  agency  of 
an  electric  current,  was  the  problem  of  the  electric  telephone.  The  first 
U}  i)ropose  this  seems  to  Inne  been  CharlesBourscul,  Avho,  in  1854,  sug- 
gested the  us(»  of  two  plates — one  at  the  transmitting  station,  which, 
by  the  varying  pressure  of  the  air  due  to  the  sound  waves,  would  open 
and  close  an  electric  circuit;  while  the  other  was  to  be  acted  on  at  the 
rec^eiving  staticm  by  an  electro -magnet,  through  which  the  coils  of  the 
electric  current  passed.  The  varying  strength  of  the  electro-magnet, 
due  to  the  rapid  succession  of  currents,  was  thus  to  be  taken  advantage 
of  to  give  the  [uoper  succession  of  impulses  to  the  receiving  diaphragm. 
In  18<J1  Philip  Keis,  of  Friedrichsdorf,  proposed,  in  a  lecture  delivered 
before  the  Physical  Society  of  Frankfort,  to  use  an  instrument,  which 
he  called  a  telephone,  for  the  reproduction  at  a  distance  of  music  and 
human  spee(*h.  The  a])paratus  consisted  of  a  stretched  membrane 
forming  part  of  one  side  of  a  box,  into  which,  by  means  of  a  mouth- 
piece, the  sounds  could  be  directed.  This  membrane  wa^s  made  to  open 
and  close  an  ele<*.tric  circuit  at  each  vibration.  At  the  receiving  end 
an  elettro-magnet,  consisting  of  a  thin  rod  of  iron  surrounded  by  a  coil, 
was  pla<3ed.  The  succ'cssive  interruptions  and  closings  of  this  electric 
current  was,  in  accordance  with  a  discovery  made  by  Dr.  Page,  of  Salem, 
Mass.,  in  1837,  to  produce  scmnds  of  the  same  pitch  as  those  of  the 
sound  directed  into  the  box  of  the  transmitter.  This  method  failed  for 
speech,  for  the  simple  reason  that  s])e(?cli  has  more  characteristics  than 
pitch;  and  it  was  only  partially  successful  fur  nwmc^  ^ow\\(\:^.,i\Q.\wN^ 
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iuability  to  i)ioduce,  with  any  approach  to  accuracy,  the  iiec^s-sary 
variations  of  h>udne8s  and  quality. 

To  produce  not  only  the  frequency  of  vibration,  but  also  the  loudness 
and  quality  of  the  sounds  evidently  required  a  transmitter  and  a 
receiver  which  did  not  depend  for  its  action  on  simple  interruption 
of  the  cuiTcnt,  but  which  varied  it  in  an  undulating  manner,  similar  to 
the  variations  of  pressure  to  which  the  diaphragm  receiving  the  souud 
vibrations  was  subjected  due  to  the  sound  waves.  Such  an  apparatus 
of  a  very  perfect  type  was  produced  by  Graham  Bell  in  1876,  who,  in 
thedescriptions  of  his  apparatus  given  in  his  patent  specifications  and 
elsewhere,  shows  that  he  thoroughly  understood  what  had  to  be  done. 
We  all  know  from  actual  experience  that  the  instrument  which  he  pro- 
duceil  did  it.  Since  the  publication  of  Bell's  invention  a  great  many 
modifications  have  been  i)roduced.  Most  of  them  have,  however,  been 
held  to  embody  the  same  essential  principle  as  that  of  Bell,  the  varia- 
tion being  simply  one  of  mechanical  arrangement.  One  field  of  inves- 
tigation has,  however,  been  fruitful  of  improvement.  In  the  original 
patent  of  Bell,  and  also  in  a  caveat  filed  almost  simultaneously  by 
Elisha  Gray,  it  is  pointed  out  that  the  variations  of  the  current  may  be 
l)roduced  by  causing  the  vibrations  of  the  diaphragm  to  vary  the 
resistance  of  thecircuit.  This  idea  has  i>roved  of  great  value  in  increas^ 
ing  the  loudness  of  the  sounds  given  out  by  the  Bell  telei)houe  when 
used  as  a  receiver.  A  great  many  forms  of  these  "microphone  ^  trans- 
mitters have  been  invented.  Among  those  Avho  have  made  im 
portant  contributions  we  may  mention  Berliner,  Blake,  Edison,  Gower, 
Gray,  Hughes  and  Hunnings. 

Another  form  of  telephone  has  been  proi>osed  by  Prof.  Dolbear. 
In  this  telephone  system  one  diaphragm  of  the  receiver  is  maile  to 
form  one  plate  of  an  electric  condenser,  and  the  varying  electric  foit'e 
on  this  plate,  due  to  the  fluctuations  of  the  charge,  causes  it  to  vibrate 
in  response  to  the  varying  electro-motive  force  produced  by  the  trans- 
mitter. This  condenser  telephone  can  evidently  be  used  either  as  a 
transmitter  or  as  a  receiver,  and,  as  Dolbear  has  pointed  out,  may  l>e 
rendered  sensitive  by  keeping  one  plate  of  the  condenser  at  a  high 
potential. 

Another  interesting  discovery  in  this  subject  should  be  mentioned, 
namely,  the  transmission  of  speech  from  one  phice  to  another  by  means 
of  beams  of  light  or  radiant  heat.  This  was  based  originally  on  the 
discovery  by  May  and  Smith  of  the  variation  of  the  electric  resistance 
of  selenium  when  exposed  to  light  or  radiant  heat.  Many  other  sub- 
stances have  since  been  found  to  have  the  same  proi)erty  in  a  greater 
or  less  degree.  The  experiments  of  Bell  and  Sumner  Tainter  have 
shown  that  if  a  beam  of  light  be  reflected  from  a  thin  mirror,  and,  by 
means  of  lenses  or  otherwise,  made  to  pass  as  a  parallel  beam  from  the 
transmitter  to  the  receiving  station,  and  there  received  on  a  bar  or 
series  of  bars,  or  a  coil  of  a  substan<^e  liaving  the  properties  of  seleuimu, 
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the  resistance  of  the  seleuiom  will  be  affected  by  vibration  of  the  mirror. 
If,  then,  the  mirror  be  used  as  a  transmitting  diaphragm,  like  that  of 
a  telephone  transmitter,  words  spoken  to  the  mirror  will  be  repeated 
by  a  telephone  in  the  circuit  of  which  the  selenium,  is  placed  and 
through  which  an  electric  current  is  kept  flowing. 

In  this  address  an  attempt  has  been  made  to  sketch  very  briefly  the 
development  of  the  application  of  electricity  to  the  transmission  of 
intelligence.  Many  important  applications  (as,  for  example,  flre-alarms 
and  railway  signal  systems,  etc.)  have  not  been  referred  to,  and  a  host 
of  imx)ortant  contributors  have,  as  a  matter  of  necessity,  been  entirely 
ignored.  To  go  into  detail  and  do  justice  to  everyone  who  has  con- 
tributed to  the  present  state  of  the  electric  telegraph  was  an  impossi- 
bility and  has  not  been  attempted. 
H.  Mis.  114 42 
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EXPLORATIONS  IN  MONGOLIA  AND  TIBET. 


By  W.  Woodville  Bockhill. 


On  the  Ist  of  December,  1891, 1  left  Peking  for  a  journey  in  Mon- 
golia and  Tibet,  proposing,  if  possible,  to  traverse  the  latter  country 
from  north  to  south  and  reach  British  India — Sikkim  or  Nepal. 

I  was  well  provided  with  scientific  apparatus,  and  very  scantily  with 
mdney,  and  so  I  started  out  with  the  anticipation  of  having  to  endure 
many  discomforts,  and  possibly  see  my  chance  of  ultimate  success  lost 
for  want  of  a  few  hundred  dollars  and  my  collections  poor  for  lack  of 
funds  and  means  of  transportation.  This  is  the  one  insurmountable 
difficulty  a  traveller  can  have  to  contend  with;  nearly  every  obstacle 
can  be  overcome  or  turned,  but  how  to  travel  on  an  empty  money  bag , 
(and  an  empty  stomach,  as  it  turned  out  in  my  case),  in  a  strange  land, 
is  a  more  difficult  problem  for  most  men  than  the  quadrature  of  the 
circle. 

I  will  pass  over  the  first  few  stages  of  my  journey,  which  led  me 
through  Ghang-chia  k'ou  to  the  great  emporium  of  eastern  Mongo- 
lia, Kuei-hua  Ch'eng,  where  I  arrived  on  the  18th  of  December. 

This  town  was  known  in  the  T'ang  period  (A.  d.  618-907),  and  how 
long  before  that  I  can  not  now  say. 

Col.  Yule*  thinks  it  was  Tenduc,  the  capital  of  Prester  John;  but  in 
this  I  can  not  quite  agree,  as  I  believe  the  latter  town  is  to  be  identified 
with  the  present  Ton  Ch'eng  (in  Mongol  Togto),  at  the  mouth  of  the 
Hei-ho,  which  flows  by  Kuei-hua  and  empties  into  the  Yellow  River 
(Huang-ho)  at  the  former  place. 

Father  Gerbillon  visited  Kuei-hua  Ch'eng  in  1688,  in  the  suite  of  the 
^eat  Emperor  K'ang-hsi.  He  describes  the  place  as  follows:  ^^G'est 
Tine  petite  Yille  qu'on  dit  avoir  ^t6  autrefois  fort  marchande,  et  d'un 
^and  abord,  x>endant  que  les  Tartares  d'Ouest^toient  lesmailxes  de  la 
Chine:  k  present  c'est  fort  pen  de  chose :  les  muraiUes  bd^ties  debriques 
sont  assez  enti^res  par  dehors ;  mais  il  n'y  a  plus  de  rempart«  au  dedans : 
il  nY  ^  m^me  rien  de  remarquable  dans  la  Yille,  que  les  Pagodes  et  les 
Zamas,^  t 

*  See  his  Book  of  Ser  Marco  Polo,  2d  edit.,  i,  277. 

f  Da  Halde,  '*  Description  de  TEinpirede  la  Chine/'  iv,  103.  The  Mongol  name  of 
this  town  is  Koko  hntan,  or  ''Blue  town."  Chinese  histories  of  the  seventh  cen- 
tary  mention  it  under  the  name  of  Tung-shoa  Chiang. 
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In  1844,  Father  Hue,  when  on  his  way  to  Lh'asa,  stopped  for  a  while 
at  Kuei-hua  Ch'eng.  He  says  of  it:  *'  With  the  exception  of  the  la- 
maseries, which  rise  above  the  other  buildings,  one  only  sees  an  ag- 
glomeration of  houses  and  shops  huddled  together  without  order,  the 
one  against  the  other.  The  ramparts  of  the  old  city  still  exist  in  their 
entirety,  but  the  overflow  of  the  population  has  been  forced  to  cross 
them.  Little  by  little  numerous  houses  have  been  built  outside  the 
walls,  vast  quarters  have  been  formed;  and  now  the  extra  muros  has 
acquired  more  importance  than  the  city  itself."* 

Fifty  years  hardly  count  in  the  life  of  an  inland  city  in  Asia,  and 
Kuei-hua  to-day  is  what  it  was  in  the  days  of  Hue — an  irregular  mass 
of  tumble-down  houses  built  around  a  small  central  walled  town. 
Dirty,  muddy,  unpaved  streets,  innumerable  small  shops,  crowded 
streets  along  which  loaded  camels  and  mules  and  clumsy  carts  are 
moving,  and  where  an  occasional  Mongol,  very  often  much  the  worse 
for  liquor,  is  seen  accompanied.by  his  women  folk  in  green  satin  dresses 
and  much  jewelry  of  silver  and  numerous  strings  of  coral  beads  orna- 
menting their  hair,  neck,  and  ears. 

The  chief  industry  of  the  place  is,  and  has  been  for  at  least  a  cen- 
tury, the  preparation  of  Bheep  and  goat  skins.  Tallow  is  also  an  im- 
portant article  of  trade,  and  sheep  and  camels  in  vast  numbers  are 
anuiially  sold  here  to  supply  the  Peking  market.  The  population,  exr 
culsively  Chinese,  of  this  place  is  probably  between  75,000  and  100,000. 

On  the  25th  of  December,  having  completed  arrangements  for  con- 
tinuing my  journey  to  Ning-hsia  Fu  in  Kan-su  in  commodious  carts 
like  those  which  had  brought  me  thus  far  on  my  way,  I  left  Kuei-hua 
and  in  two  days  reached  the  Yellow  River  at  Ho-k'ou,t  where  it  makes 
a  sharp  bend  southward. 

Crossing  the  river — here  about  400  yards  wide — on  the  ice,  we  first 
travelled  over  a  country  with  sand  dunes  intersecting  it  here  and  there, 
and  finally  entered  the  vast  alluvial  plains  which  stretch  westward  to 
Alashan  and  are  bounded  to  the  north — on  the  left  bank  of  the  river,  by 
a  range  of  mountains  of  an  average  altitude  of  some  1,800  feet.  This 
chain  is  called  on  European  maps  the  Inshan  (a  corruption,  I  believe, 
of  Ch'ing  shan,  a  name  given  to  the  eastern  part  of  it)  and  is  locally 
known  by  a  variety  of  names — as  are  all  ranges  in  eastern  Asia — Ta 
ch'ing  shan,  Wula  shan,  Lang  shan,  etcl 

For  thirteen  days  we  travelled  through  the  sandy  waste,  now  and 
then  passing  a  small  village  of  Chinese  colonists  settled  in  these  Mon- 
gol lands,  where  they  cultivate  the  soil  after  a  great  expenditure  of 
labor  on  vast  irrigation  ditches,  which  are  necessary  to  water  the 
parched  soil  and  which  the  sands,  driven  before  the  nearly  incessant 

•Hue,  "Souvenirs  d'un  voyage  damns  la  Tartarie  et  le  Thibet,"  (12mo.  edit.)  i, 
164. 

f  Hue's  Tchagan  Kouren,  See  op,  cii.,if  215. 

t  Timkowski,"  Voy.  a  Peking,"  ii,  265, 267,  says  this  range  is  called  Khadjar  Khosho 
(Khajar  hosho),  or  Onghin  oola. 
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westerly  winds,  are  coDtiaoally  filling  up.  We  saw  but  few  Xongols; 
they  live  remote  from  the  route,  or  when  they  have  remained  in  their 
former  haunta,  now  settled  by  Chinese,  have  adopted  Chinese  modes  of 
dress  and  of  living,  and  too  frequently  their  vices. 

Some  antelope,  a  few  hares,  and  vast  flocks  of  sand  gronse  (^frrhapta 
Pallasii)  were  occasionally  seen;  hut  what  a  sportsman's  paradise 
these  plains  must  have  been  in  the  days  of  K'ang-hsi,  when  Father 
Gerhillon  came  here  with  him  to  hawk  and  shoot,  and  the  great  Em- 
peror never  failed  to  return  to  camp  with  scores  and  scores  of  hares 
and  other  game  billed  by  his  arrows ! 

Father  Hue  has  so  fully  and  graphically  described  the  Ordoa  conntry 
that  I  vUl  not  venture  to  try  and  improve  on  what  he  has  said,  esjieciiilly 
as  one  forms  a  more  agreeable  opinion  of  the  country  from  his  narrative 
than  one  would  from  what  I  might  say  of  it.  It  has,  I  fear,  changed 
for  the  worse  since  his  time. 
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The  only  place  of  any  importance  we  saw  was  the  palace  of  one  of 
the  Orat  Mongol  princes,  the  Hsi  KuDg  or  "  Duke  of  the  West,"  and 
near  it  a  small  but  very  liaiidsuniely  built  lamasery,  the  temple  itself  of 
pure  Tibetan  style.  It  is  calleil  by  the  Mongols,  Baron  gomba,  and  by 
the  Chinese,  Hsi  Kung  niiao. 

Oq  the  9tli  of  January,  I  reached  the  large  Chinese  Christian  com- 
munity (some  three  hundred  families  residing  in  four  villages]  of  San-tao 
bo-tzQ,  created  and  managed  by  the  Belgian  Catholic  foreign  mis- 
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sions.  Here  I  remained  two  days  and  was  most  hospitably  enter- 
tained by  the  bishop  and  fathers  of  the  mission.  This  locality  is  in 
the  domains  of  the  Mongol  p>rince  of  Alashan,  colloquially  designated 
by  the  Chinese  as  Hsi  Wang  or  Western  Prince,  His  people,  so 
Ts'aidam  Mongols  have  told  me,  inhabited  in  old  times  the  country 
west  of  Hsi-ning  Fu  in  western  Kan-su,  and  are  of  the  same  stock  as 
the  Ts^aidam  Mongols.  This  agrees  with  what  Timskowski  tells  as, 
who  says  this  tribe  of  the  Eleuts  came  to  the  country  they  now  inhabit 
in  1686.» 

Following  the  course  of  the  Yellow  River  in  a  southerly  direction, 
I  passed  successively  through  Shih-tsui  (Hotun  jeli  in  Mongol),  the 
first  town  on  our  route  in  the  Province  ot  Kan-su,  Ning-hsia  Fu, 
Chung-wei  Hsien,  and  finally  reached  Lan-chou  Fu,  the  capital  of  the 
Province  of  Kan-su,  on  the  31st  of  January,  where  I  joined  the  route  I 
had  followed  in  1888-'89  when  on  my  way  to  Tibet  for  the  first  time. 

Ning-hsia  Fu  was  the  most  important  town  we  traversed  before  reach- 
ing Lan-chou,  but  it  has  greatly  fallen  from  its  ancient  importance, 
having  suffered  terribly  during  the  late  Mohammedan  rebellion.t 

Father  Gerbillon,  while  journeying  with  the  Emperor  K'ang-hsi  in 
1697,  visited  this  city.  He  says  it  was  then  one  of  the  largest  and 
most  famous  along  the  whole  length  of  the  Great  Wall.  It  was 
densely  xK)pulated,  the  houses  built  so  closely  together  that  there  was 
no  room  even  for  court-yards.  He  also  noted  that  "building  timber  is 
here  very  cheap,  because  they  go  to  get  it  in  that  chain  of  mountains 
which  is  to  the  northwest,  some  60  or  70  lys  from  the  city,{  where  it  is 
so  abundant  that  from  the  neighboring  localities,  more  than  400  or  500 
lys  away,  they  come  to  buy  it  at  Ninghia,"§  At  the  present  time  not 
a  forest  tree  is  to  be  seen,  only  a  few  poplars  recently  planted  along  the 
irrigation  ditches. 

The  father  says  further  on  (p. 372):  "They  presented  also  to  his 
msgesty  several  foot  rugs,  resembling  enough  our  Turkey  carpets,  but 
coarser;  they  ar6  made  here,  and  the  emperor  had  the  curiosity  to 
have  the  work  done  in  his  presence,  as  also  paper  which  is  made  at 
Ning-hsia,  with  hemp  beaten  and  mixed  with  lime  water." 

Now  the  town  is,  for  half  of  its  area,  a  desert  of  brick-bats,  but  rugs 
and  paper  making  are  still  the  chief— or  rather  the  only — industries  of 
the  place. 

I  arrived  at  Lan-chou  the  day  after  Chinese  New  Year  and  on 
the  fifth  of  the  first  moon.    I  witnessed  the  yingcWun  festivities,  in 

*0p.  ciU,  n,  279.    See  also  JDu  Halde,  op,  oit,  iv,  375,  where  we  learn  that  the  first 

£leat  prince  of  Alashan  had  only  the  rank  of  Beileh  and  was  named  Baturu  Ts'o- 

nam.  A  Beileh  is  a  prince  of  the  third  order,  a  Wang  the  second,  and  a  ch^n  Wang 
of  the  first. 

tThis  city  is  called  Irg€  hotun  by  the  Mongols,  and  is  the  Irghai  of  Mohammedan 
writers  ajid  the  Egrigaia  of  Marco  Polo. 

t  This  range  is  called  Hsi  shan  by  the  Chinese,  but  on  our  maps  it  is  usually  desig- 
nated by  the  name  of  Alashan  Mountains. 

$  Da  Halde,  op.  cit,  iv,  370. 
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which  the  local  magistrates  go  outside  the  east  gate  of  the  city  to 
"welcome  spring"  {ping-ch'un).  A  huge  cow  made  of  wiclcer-work 
and  coated  over  with  mud  was  dragged  along  hy  scores  of  men,  and  fol- 
lowing it  M'as  the  image  of  the  god  T'ai-sui.  A  man  disguised  as  a 
woman  led  the  procession  on  foot  and  following  him  wan  another,  in 
like  disgaise,  riding  a  doukey.  This  one  impersonated,  I  was  told,  the 
princess  who  introduced  into  China  the  practice  of  compressing  women's 
£eet.    The  cow  was  paintedof  a  reddish  brown  color,  a  i)ortent  that  con- 


i,uy(Koii-»8HKkl 

dagratiODS  would  take  place  in  the  year  now  beginning,  for  the  eolofs 
used  on  this  occasion  are  symbolical, — yellow  means  plentiful  crops; 
white,  floods;  black,  sickness;  and  bine,  war.  In  like  manner,  if  the 
image  of  T'ai-sui  is  bare-beaded  it  is  symbolical  of  heat;  with  bis  cap 
on,  of  cold;  if  he  weivrs  shoes  it  portends  much  rain  and  if  he  is  bai^ 
footed,  dry  weather." 

■  See  O.  Carter  Stent,  "  ChineBe  and  English  Vocabulary,"  p.  714. 
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Theatricals,  a  banquet  at  the  magistrate's  office,  and  merry-making 
bllowed.  On  the  morrow  the  cow  was  broken  to  pieces  and  farmers 
)egan  to  till  their  fields.    This  feast  is  observed  over  most  of  China. 

Having  engaged  mules  to  carry  me  and  my  luggage  to  the  lamasery  of 
lumbum,  or  rather  the  contiguous  village  of  Lusar,  some  20  miles 
louth  of  Hsi-ning,  I  left  Lan-chou  on  the  6th  of  February  and  follow- 
ng  up  the  Yellow  River  and  the  Hsi-ho,  a  route  I  had  taken  previously 
n  1889,*  I  reached  my  destination  on  the  11th,  and  took  up  my  quar- 
ters in  an  inn  in  the  lower  part  of  the  village  and  at  once  began  prep- 
urations  for  the  journey  into  Tibet. 

I  secured  the  services  of  the  men  who  had  accompanied  me  on  my 
irst  journey,  bought  six  stout  ponies  and  a  supply  of  provisions — 
)arched  barley-meal  (tsamba)^  rice,  flour,  vermicelli,  tea,  etc. — enough 

0  last,  if  used  with  economy,  for  about  five  months.  While  my  head 
nan,  Yeh  Chi-ch'eng,  was  buying  pack-mules,  fitting  the  saddles  to 
heir  backs,  and  purchasing  all  the  thousand  and  one  little  things  re- 
luired  on  a  long  journey  in  a  country  devoid  of  every  necessary  of 
ife  save  a  few  varieties  of  very  coarse  food,  I  went  for  a  tour  through 
he  i)ortion  of  cj)untry  along  the  Yellow  River  due  south  of  Lusar,  a 
*egion  of  great  ethnological.interest,  inhabited  by  tribes  of  Tibetan, 
^ong:ol,  and  Turkish  descent;  those  of  the  latter  called  Salars  or 
talaris,  being  particularly  interesting,  as  they  have  retained  their 
iriginal  type  and  language  though  residing  on  Chinese  soil  for  the  last 
OUT  hundred  years  and  surrounded  by  Chinese  and  Tibetan  peoples.t 
^hey  number  some  40,000  souls  and  are  the  most  fanatical  Mohammedans 

1  western  China.  The  Salar  priests  (ahons)  began  the  late  Mohauime- 
an  rebellion  in  or  near  the  little  town  of  Bayanrong.  Fortunately  for 
he  Imperial  Government,  dissensions  arose  among  the  Mohammedans 
nd  they  were  soon  fighting  among  themselves.  It  was  this  way:  One 
aid  smoking  was  permissible  (he  was  a  Ho-chou  teacher),  another  said 
:  was  forbidden,  and  so  they  came  to  blows.  At  the  town  of  Tankar, 
0  miles  west  of  Hsi-ning,  these  two  factions  fought  so  savagely  that 
he  authorities  made  use  of  this  quarrel  to  rid  the  place  of  them.  All 
he  male  Mohammedans  were  invited  to  the  mosque  to  talk  over  the 
aatter  in  the  presence  of  the  colonel  commanding  the  town.  When  all 
lad  assembled  in  the  court-yard,  there  came  men  who  called  them  out 
me  by  one,  and  as  they  issued  out  of  the  gate  they  were  beheaded,  and 
n  this  way  3,500  were  made  away  with.    Their  wives  and  daughters 

•  See  ''The  land  of  the  lamas,"  p.  41-58. 

t  The  principal  branch  of  this  people  forms  now  one  of  the  Torkoman  tribes  un- 
ler  Russian  rule  residing  around  Old  Sarakhs.  It  numbers  about  5,000  families. 
'The  three  nations  of  the  Salars  are  named  Yalawach,  Githara,  and  Karawan.  They 
laye  an  evil  reputation  even  among  Turkomans,  and  are  said  to  be  geueraUy  hated." 
Vee  Lieut.  A.  C.  Yate,  Travels  with  the  Afghan  boundary  commission,  p.  301-302. 
lee  also  on  the  Chinese  Salar,  Rob.  B.  Shaw,  Joum,  Boy.  As.  Soc,  new  ser.  x,  p.  305-316 
md  Deniker,  Bull.  Soc.  d'Anih.  de  Paris,  3e  Serie,  x,  206-210. 
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were  Hold  or  otherwise  disposed  of  wheii  good-looking,  and  TaDkar, 
with  a  remaioing  population  of  n  few  tbousandB  or  bo,  enjoyed  qniet 
once  more. 

At  Hsi-niiig,  for  several  years  after  the  rebellion  bad  been  sappressed, 
no  Mohammedan  was  allowed  to  enter  the  city  (none  of  them  conldlive 
in  it)  withont  having  a  stamp  impressed  on  bis  cheek  by  the  guard  at 
the  gate ;  and  eren  now,  after  twenty  years  of  peace,  none  of  them  may 
have  a  knife,  even  the  nsual  small  one  which  is  carried  by  all  travelling 
Chinese  in  a  little  case  with  their  chop-sticks.* 

On  the  29th  of  Febmary,  I  was  back  in  Lnsar,  but  though  I  used  all 
diligence  and  expended  a  vast  amount  of  energy,  it  was  the  14th  of 
March  when  we  made  our  final  start  for  the  Kokonor  country,  the  first 
stage  of  oar  journey  to  Tibet. 


My  party,  as  finally  organized,  comprised  four  Chinese,  three  irf 
them  frontiersmen  &om  near  Lasar,  and  one,  a  cook,  eugaged  at  Enei- 
hua  Ch'eng,  and  a  native  of  Tiing-chou,  near  Fefciug.  We  had  two 
small  blue  cotton  tents,  and  our  saddle  blankets  formed  the  bulk  of 
our  bedding,  for  the  very  heavy  sheep-sktn  garments  we  wore  were 
enough  eoveriug  for  the  coldest  weather. 

'  In  tLe  oairative  of  tliejoame;  of  Benedict  Go)Sb  (1603-1607)  it  is  eaid  tbst  tbt 
tloliuminedans  at  Su  Chou  (northwunt  Kan-eii)  were  shot  up  every  night  within  tliB 
walls  of  their  own  pity,  whii^h  wan  cliBtinct  from  that  inhabited  by  the  CMmw. 
See  H.  Ynle'H  Cathay  and  the  Way  Thither,  p.  582. 
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In  order  to  keep  the  pack-mules  in  good  coudition  for  as  long  a  time  as 
possible,  I  had  the  greater  part  of  their  loads  carried  by  donkies  from 
Lusar  to  the  Muri-Wahon  country,  east  of  the  Ts'aidam.  Thence  to 
Shang,  yaks  relieved  them,  and  in  the  Ts'aidam,  camels  did  their  work 
to  a  great  extent,  so  that  when  we  started  into  the  wilds  north  of  Tibet 
my  mules  were  still  in  fairly  good  condition — though  very  little  fed — 
and  stood  well  the  terrible  fatigues  of  the  journey,  but  they  finally  gave 
>ut  from  foot-soreness  and  none  reached  the  journey's  end. 

I  began  a  survey  of  the  road  at  Kalgan,  north  of  Peking,  and  car- 
ried it  on  about  2,400  miles,  to  Bat'ang,  in  eastern  Tibet,  where  my 
route  joined  that  surveyed  in  1877  by  Capt.  William  Gill.*  The  method 
[  followed  in  my  work  was  to  run  the  traverse  by  prismatic  compass 
md  aneroid,  taking  the  distance  between  consecutive  points  by  my  watch 
and  controlling  frequently  the  distances  thus  obtained  by  pacing  them 
>ff. 

Every  day  the  altitude  of  one  point  at  least  was  determined  by  the 
bemx)erature  of  boiling  water,  and  all  adjacent  points,  where  aneroid 
readings  were  taken,  were  corrected  by  this  and  the  one  taken  the  day 
before.  Sextant  observations  were  made  whenever  x>ossible  for  posi- 
tion, and  thus  the  inevitable  errors  on  my  survey  could  not  accumulate, 
but  were  divided  over  the  whole  length  of  the  line. 

Besides  the  work  of  surv^eying  I  had  to  take  photographs,  note  the 
general  characteristics  of  the  country,  keep  an  eye  on  the  packs  to  see 
that  thej-  were  not  awry,  and  attend  to  innumerable  details  connected 
with  the  everyday  life  of  the  party.  The  animals  gave  me  less  trouble 
than  the  men  (this  is  usually  the  case  in  this  world,  and  how  true  is 
the  saying,  "  Plus  je  vois  les  hommes,  plus  j'aime  les  betes") ! 

In  1889, 1  had,  when  going  to  the  Ts'aidam,  taken  from  Lusar  the 
route  leading  along  the  north  side  of  lake  Kokonor.  This  time  I  de- 
cided to  follow  a  new  trail  leading  through  an  unexplored  country  (that 
of  the  Panaka  living  south  of  the  Kokonor),  and  thence  directly  by  the 
mountains  to  Shang,  in  the  southeast  comer  of  the  Ts'aidam.  I  was 
most  anxious  to  re-visit  this  place  so  as  to  be  able  to  go  once  more  to 
the  Tosu  nor  (lake)  and  determine  by  actual  observations  its  position 
and  altitude. 

The  nature  of  the  country  to  the  south  of  the  Kokonor  lake  is  more 
mountainous  than  that  to  the  north,  but  the  climatic  conditions  are 
the  same — ^violent  westerly  winds,  great  dryness,  usually  a  clear  sky, 
and  though  the  nights  are  invariably  cold,  the  temperature  rises  very 
high  during  the  day.  These  peculiar  conditions  result  from  the  high 
altitude  of  this  region,  which  is  over  11,000  feet  above  the  sea  level. 

The  route  we  took  was  as  follows :  Leaving  the  province  of  Kan-su 
at  Sharakuto,  on  the  southern  main  feeder  of  the  headwaters  of  the 
Hsi-ho  (which  flows  by  Hsi-niug  Fu),  we  traversed  in  a  general  west- 

*See  hiB  Biver  of  Golden  Sand:  **The  narrative  of  a  journey  through  China  and 
eastern  Tibet  to  Butmah/'  2  vols.  8vo.,  1880. 
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southwest  directioD  th«  country  of  the  Panaka  or  Panakasnm,  as  the 
Tibetan  tribes  inhabitiii};  these  regions  are  called.  Tliese  tribes,  which 
were  in  past  centuries  locate*!  principally  Bouth  of  the  Yellow  Kiver 
all  the  way  from  the  Chinese  frontier  to  its  sources  at  Karmafang, 
have  within  the  last  hundred  years  pushed  northward  and  di.sposaesK€il 
the  Mongol  owners  of  these  rich  pasture  lauds,  drinnj^  them  either 
into  the  foothills  around  the  swampy  Ts'aidam  or  nearer  to  the  Chi- 
nese borders.  The  Tibetan  tribes  which  first  came  to  the  Kokonor  were 
eight  in  number  and  all  bore  the  word  Na  in  their  names,  hence  the 


Fia,  S.-Puaaka  Tibetan  camp  In  niaunUtni  near  Sbang. 

mixed  Chinese-Tibetan  name  of  Fanaka  by  which  they  are  now  known 
and  which  they  use  in  speaking  of  themselves.* 

The  Panaka  may  number  in  all  a  hundred  to  a  hundred  and  tweutj- 
five  thousand  souls.  I  have  describetl  elsewhere  the  dress  and  mode 
of  living  of  these  tribes,!  so  will  not  dwell  on  these  questions  here,  and 

*  Panaka  (i.  e.,  I'a,  ChineBe  "  eight,"  Xa,  patronymic,  and  k'a  or  ehia  (ChinM*' 
''family  "  or  "clan").  They  alao  cull  themselves  Panakosum;  the  last  word,  mean- 
ing in  Thibetan  "  tlire«, ''  ia  ailded  on  arooimt  of  three  great  divisions  of  thesp  risw 
at  the  present  time.  The  Arik  (about  10, 000  families),  the  Konsa  (2,000  farailiw). 
the  Bunitok  (2,000  families),  are  the  largest  of  these  tribes  living  north  and  n«(ito( 
tlie  lake;  the  prini^ipal  tribes  of  th«  Pmiaka  south  of  the  lake  are  the  Clisnui,tlu 
Tnbchia,  and  the  WntUHbin. 

tSee  "Liind  of  the  Lamas,"  p.  73,  et  patiim. 
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tiie  Ulnstrationa  will  enable  the  reader  to  form  a  better  idea  of  tlieir 
camps  and  general  appearance  than  coald  a  long  description. 

Crossing  a  higb  and  very  difBcult  pass  in  the  southwest  corner  of  the 
PanakasoDi's  coantry,  we  entered  the  basin  of  the  Tsahan  ossti,  au 
important  river  of  the  Ts'aidam,  the  existence  of  which  was  not  heie- 
tofore  suspected ;  and  on  the  4th  of  April  I  reached  the  Mongol  village 
of  Sbang  (or  Shang-chia),  on  the  upper  Bayan  gol  (or  Yogor6  gol),  the 
main  river  of  the  Ts'aidam,  which  has  its  source  in  two  lakes  called 
Tosn-nor  and  Alang  nor. 


Fio.  6.— Foot  of  WkboD  Jumkiir  Pus  ludi 


Sending  the  balk  of  my  baggage  to  the  camp  of  a  former  acqaaint- 
ance,  the  chief  or  Dzassak  of  Baron  Ts'aidam,  I  went  with  two 
men  and  a  Mongol  guide  to  explore  the  Tosa-oor,  reaching  that 
large  sheet  of  water  (about  13,500  feet  above  sea  level)  on  the  12th  of 
April. 

Dow6,  the  Mongol  guide,  the  same  who  had  led  me  in  1889,  by 
the  soorcefl  of  the  Yellow  River  to  Jyakundo,  told  me  one  even- 
ing while  we  gossiping  over  the  camp  fire,  that  he  had  heard  at  Sa- 
chou  of  wild  men  (geri»un  kun).  Two  had  been  captured  by  some 
Hohammedan  Sifan  (or  Hnang  fan),  but  one  soon  died  and  the  other 
made  his  escape.     These  savages  live  between   Sa-chou   and  the 
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Lob  iior,*  make  their  dwellings  of  reeds  and  feed  on  wild  grapes,  which 
they  dry.  From  this  description  I  have  no  doubt  these  people  are  tbe 
half-wild  inhabitants  of  Turki  origin  seen  by  PrjevalBky  and  oth«T 
travellers  in  the  marshes  and  canebrakes  of  Lob-nor. 

On  the  11th  of  April,  I  started  back  for  Sbang.  Crossing  the  Yogore 
my  pony  broke  throagh  the  ice  and  waa  drowned,  I  nearly  sharing  the 
same  fate.  The  nest  day  my  saddle  was  recovered,  also  my  notes  and 
papers  in  my  saddle-bags.  On  the  18th  I  joined  my  other  men  with 
the  pack  animals  in  the  valley  of  Oim,  where  the  Dzassak  of  Baron  was 


•See  "  Land  of  the  Larase,"  p.  1159.  Doaglas  Forayth,  Journal  Bog.  Geo.  Soc.,  SLiiJ, 
p.  6,  Biiys:  "There  are  nainbere  of  eacampuieuts  and  settlements  od  tbe  banks  of  tiM 
marHbif  Inkes  and  their  connectinf;  cliaunela;  perhaps  there  nre  aa  tDauy  as  a  thaa- 
samt  hiiHHes  ur  cauips.  These  are  iuhahited  by  families  who  emigrated  there  sbon' 
one  hundrod  and  sixty  years  ago.  They  are  looked  upon  with  contempt  by  trne 
believers  aa  only  half  MrisHelraans.  The  aborigines  are  described  as  vrry  wSi 
peojilu— binck  men  with  long,  matted  hair,  who  shun  the  society  of  mankinil  «») 
wear  elotlips  imide  of  the  hark  of  a  tree.  The  stuff  is  called  "luff,"  and  is  the  fil*r 
of  a  plant  called  "toka  ehigha,"  which  grows  plentifully  all  over  the  sandy  wmW 
bordering  on  the  marshes  of  Lo]>."  Wild  men  are  said  to  live  on  the  lower  TuaDgpo, 
in  Tibet.  The  Mongol  Lama  Sberab  jyuts'o  says  that  in  Pemakoichhen  (north  of 
Mira  I'edam)  the  Lli'opa  "kill  the  mother  of  the  hride  in  performing  their  mHirii^ 
ceremony  when  they  do  not  find  any  wilil  men,  and  eat  her  flesh."  See  Keport  on  llie 
EzpJorstions  io  Sikkim,  Bhutan,  and  Tibet,  from  1856  to  1886,  p.  7;  olaopp.  50aBd52. 
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d.    Here  I  was  detained  for  eleven  days  trying  to  make  arrange. 

with  the  chief  to  supply  me  with  pack  animals  and  a  guide  to  go 

gats^,  in  Ulterior  Tibet.    After  a  vast  and  reckless  expenditure 

limited  store  of  patience,  I  failed  to  get  more  than  four  camels 

guide  as  far  as  Teng^lik,  a  Mongol  encampment  in  the  marshes 

Ts'aidam,  not  a  hundred  miles  away. 

the  second  day  out  from  Oim  we  left  the  village  of  Baron  (or 

kur6)  and  travelling  through  sand  and  mud  and  brush  for  four 

ame  to  the  pools  of  Teng^lik.    Life 

ip  in  this  horrible  Ts'aidam  is  miser- 

ideed,  and  though  I  was  used  to  the 

id  misery  of  such  an  existence,  I  had 

bo  use  all  my  x>6rsuasive  i)owers  to 

nyself  in  the  belief  that  I  would  be 

}  stand  it  for  six  months  more.    The 

)ls  of  the  Ts'aidam  have  a  saying  that 

gol  eats  3  i)ounds  of  wool  with  his 

early,  a  Tibetan  3  pounds  of  gravel, 

Chinese  3  quarts  of  dirt.    Living  in 

ico-Mongolo-Tibetan    style,  I  swal- 

with  my  miserable  food  the  dirt,  the 

and  the  grit,  portioned  by  a  harsh 

y  to  these  peoples,  and  I  verily  be- 

bat  I  found  enough  wool  in  my  tea, 

unba,  my  meat,  and  my  bread  while 

ngolia  and  Tibet  to  stuff  a  pillow. 

[rt  and  the  sand  could  be  easily  swal- 

,  but  the   wool — nothing  could  be 

with  it,  no  amount  of  mastication 

dispose  of  it. 

ving  Teng^lik  on    the  7th  of  May 

bur  pack  ponies,  three  oxen  and  a 

the  latter  loaded  with  leather  jars 
with  water,  we  reached  the  Naichi 

five  days,  travelling  all  the  time 
^h  sand  or  swamp, 
the  Naichi  gol  I  stopped  for  a  few 
o  engage  a  famous  guide  of  whom  I 
3ard  tell  in  Shang,  and  also  to  replenish  my  store  of  provisions 
as  possible  in  this  poverty  stricken  country.  We  got  a  supply 
ly  good  tsamba,  but  the  butter  we  here  bought,  made  of  sheep's 
was  the  strongest  smelling  and  the  vilest  I  ever  tasted  in  my  life, 
Lch  as  it  was  I  had  to  eat  it  and  be  thankful  till  I  i*eached  the  in- 
d  parts  of  Tibet  in  July. 

ving  this  place  we  turned  south  aud  following  up  the  Naichi 
.  entered  the  mouTitains  which  all  along  the  south  side  of  the . 
am  mark  the  northern  edge  of  the  great  tab\^\2LTi^  ^\NV^v\i^'<XjLV8i» 


Fio.  8.— Prayer- wheel  tamed  by  wind* 
Erected  over  Mongol  and  Tibetan 
dwellings. 
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country  from  Tibet,  and  is  some  200  to  400  miles  wide.  Usually  tluB  re- 
gion is  called  Northern  Tibet,  and  though  physically  it  belongs  to  that 
country,  from  a  political  point  it  is  a  no-man's  land,  a  desert  waste  over 
which  at  rare  intervals  wander  some  robber  bands  that  prey  on  pass- 
ing caravans. 

It  would  take  me  too  long  to  describe  this  part  of  my  journey,  in 
which  we  crossed  four  chains  of  mountains  of  an  average  altitude  of 
about  16,000  feet.  Between  each  of  these,  in  broad  valleys  running 
from  west  to  east,  flow  shallow  rivers  over  beds  of  soft  sand  or  gravd 
in  which  we  were  forever  getting  bogged,  we,  our  horses^  and  mules. 

Though  we  were  in  May  and  lovely  June  we  had  snow-storms  and 
hailstorms  daily,  the  nights  were  bitterly  cold,  and  in  the  middle  of 
the  day  the  thermometer  rose  to  the  nineties. 

With  no  fuel  but  the  droppings  of  wild  yaks,  with  hardly  any  grass 
for  our  animals,  to  which  we  had  daily  to  feed  balls  of  our  parched 
barley  meal,  it  was  no  wonder  we  made  slow  progress,  or  that  before  we 
had  neared  the  inhabit'Cd  regions  of  Tibet  our  supplies  gave  out  and 
we  had  to  subsist  for  five  days  on  tea  alone.  On  the  7th  of  July  we 
saw  for  the  first  time  black  tents  and  I  learned,  on  sending  two  of  mj 
men  to  one  of  them,  that  we  were  among  the  Namru  in  Namru  de,  a 
dependency  of  Lh'asa  at  the  northwest  corner  of  the  great  Tengri  nor 
(or,  as  the  natives  call  it,  Dolma  l^am-ts'o).  My  plan  had  been  to  go 
around  this  lake  to  the  west,  and  had  our  provisions  held  out  a  fort- 
night longer  I  have  no  doubt  we  would  have  succeeded,  so  sparce  is  the 
population  of  this  region,  and  reached  our  goal,  Shigats^,  the  capital 
of  Ulterior  Tibet,  To  accomplish  my  plan  it  was  necessary  to  make 
detours  around  every  camp  we  sighted,  for  I  knew  of  the  stringent 
orders  issued  by  the  Lh'asa  government  against  admitting  foreigners 
onto  their  soil,  and  I  entertained  no  hopes  of  seeing  them  modified  in 
my  favor.  Unfortunately  our  supplies  did  not  hold  out  and  so,  ^^hen 
we  made  these  first  l^amru  tents  and  asked  for  food  we  got  only  a 
few  handfrds  of  tsamba  and  a  little  cheese.  The  news  rapidly  spread 
that  a  small,  but  very  suspicious  looking  party,  had  arrived  from  the 
northern  desert.  The  next  day,  after  making  some  12  miles  more 
in  a  southerly  direction  and  reaching  a  broad  valley  dotted  all  over 
with  tents,  we  were  stopped  by  the  local  headman  and  ordered  to  re- 
main camped  where  we  were  until  the  officers  of  the  Lh'asa  govern- 
ment, who  resided  about  a  day^  ride  away,  could  come  and  cross- 
question  us. 

This  was  on  the  8th  of  July.  By  the  13th  it  had  been  decided  that 
I  was  to  go  under  escort  of  a  detachment  of  soldiers,  not  the  way  I  had 
planned,  butby  a  circuitous  route  (of  considerable  geographical  interest 
however),  to  the  high-road  leading  to  Lh'asa  from  Hsi-ning,  joining  it  a 
little  to  the  north  of  the  first  Tibetan  station,  Nagch'u  or  Nagch'u-k'a, 
where  there  was  a  high  official,  a  warden  of  the  borders,  who  would 
settle  about  my  further  movements. 

For  ten  days  my  escort  took.  m<b  m  a.  g;eneral  easterly  direction  over 
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the  footbills  of  the  great  Daag  la  chaia,  which  we  frequently  aaw  to 
the  north,  its  peahs  covered  with  etercai  suows  reachiag  far  down 
their  flanks  (the  snow  line  in  this  country  being  at  aboiit  17,600  feet 
above  sea  level).  We  crossed  a  unmber  of  streatos,  all  flowing  in  a 
sontheastwly  direction  and  probably  forming  the  head  waters  of  the 
Jyama-nu  ch'n,  the  upper  Salweeo,  it  is  believed.  The  rain  fell  daily 
in  torrents,  the  spongy,  tassocky  ground  was  soaked,  and  dry  fliel  no- 
where to  be  found,  so  that  finally  we  had  to  born  oar  pack  saddles  to 


Fla.  e.— Tlbttan  liora  from  J;*dt. 

boU  our  kettle.  In  an  utterly  exhausted  condition,  we  reached,  on  the 
22d  of  July,  the  highroad  to  Lh'asa  in  the  Dang  ch'u  valley,  a  day  and 
a  hairs  ride  north  of  Nagch'uk'a. 

Here  the  Namru  men  left  me,  bat  I  was  soon  espied  by  some  of  the 
guards  stationed  along  this  road  for  the  very  purpose  of  arresting  for- 
eigners, and  requested  to  remain  where  I  was  till  the  officer  in  command 
at  Nag  ch'u  conld  come  and  see  me. 

Before  this  I  had  been  obliged  to  give  up  all  idea  of  carrying  out  my 

original  plan  of  getting  to  India,  and  I  had  now  solely  Id  view  reaching 

China  by  some  heretofore  unexplored  route  which  would  keep  me  in 

H.  Mis.  114. 
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the  inhabited  parts  of  Thibet,  so  that  my  ethnological  researches  could 
be  successfully  carried  on. 

While  waiting  here  on  the  Dang  ch'u  for  the  arrival  of  the  Nagch'n 
officials,  I  was  visited  by  some  natives  from  the  left  bank  of  the  river, 
and  1  learned  from  them*  that  they  and  the  tribes  to  the  east  of  them 
were  not  subject  to  Lh'asa,  and  that  by  traversing  their  country  (c^ed 
Jyad6  or  "Chinese  Province'')  I  could  reach  the  important  town  of 
Gh'amdo,  on  the  highroad  to  China,  whence  I  would  be  able  to  continue 
my  journey  commodiously  to  Tachien-lu  in  Ssii-ch'uan. 

I  at  once  made  up  my  mind  to  follow  this  route,  only  waiting  to  see 
the  Nag  ch'u  officials  to  satisfy  my  curiosity,  and  possibly  pick  up  some 
interesting  details  concerning  them,  their  country,  and  its  customs. 

On  the  27th  of  July,  I  crossed  the  Dang  ch'u  and  was  kindly  received 
by  the  chief  of  the  P6r6  band,  who,  on  the  following  day,  introduced 
me  to  one  of  the  big  chiefs  or  D^bas  of  the  country,  Nor  jyal-tsan  by 
name,  who  was  about  to  start  for  his  home,  a  fortnight's  ride  to  the 
east  and  on  the  road  to  Ch'amdo. 

It  was  arranged,  after  a  short  consultation  and  the  presentation  to 
him  of  some  presents  (50  ounces  of  silver,  some  knives,  red  lacquer 
rice  bowls,  etc.),  that  he  would  take  me  with  him,  and  see  to  all  my 
wants  on  the  way.  On  reaching  his  home  he  would  further  supply  me 
with  a  guide  as  far  as  M^r  djong,  the  first  locality  on  Ch'amdo  terri- 
tory, beyond  which  neither  he  nor  his  people  ever  went;  and  he  gave, 
among  other  reasons,  for  this  that,  while  the  Ch'amdo  people  professed 
lamaism,  he  and  the  people  of  elyade  followed  the  Bonbo  religion,  the 
modern  and  corrupt  form  of  the  old  pre-Buddhistic  shamanism,  which 
has,  at  one  time  or  the  other,  prevailed  over  all  Asia. 

Since  leaving  the  Ts'aidam  in  May,  I  had  continually  travelled  over 
country  with  an  average  altitude  of  about  15,800  feet  above  sea  level, 
frequently  crossing  ridges  and  plains  considerably  higher.  On  leaving 
the  Dang  ch'u  we  very  gradually  descended  till  we  reached  near 
the  Eama-ch'u,  the  timber  line  on  the  12th  of  August,  something 
over  13,000  feet  above  sea  level.  At  this  altitude  cultivation  also  be- 
gan, barley  and  turnips  being  the  only  crops.  These  are  eked  out  by 
the  use  of  seeds  of  several  kinds  of  plants  found  growing  in  profiision 
on  the  hillsides.  Above  this  altitude  the  people  subsist  entirely  on 
what  their  flocks  and  herds  of  yaks  can  supply  them,  the  neces- 
sary tsamba  and  tea,  being  procured  by  them  at  Lh'asa  or  frt)m  traders, 
who  annually  visit  these  regions.  The  principal  article  of  trade  of  the 
Kamru  and  other  adjacent  tribes  is  salt,  procured  by  evaporation  from 
some  of  the  large  lakes  to  the  west  of  the  Dang  la  and  brought  thence 
on  the  backs  of  sheep,  each  one  carrying  about  25  pounds.  All  the  salt 
I  have  seen  in  these  parts  is  of  a  brick-red  color  and  very  impure. 

On  the  20th  of  August,  we  reached  Mer  djong  gomba  on  Ch'amdo 
territory,  having  traversed  the  whole  of  Jyad<^  without  any  mishaps, 
and  having  met  everywhere  with  the  greatest  courtesy  and  kindness 
jfroxn  the  chiefs  and  people.    The  country  round  Mer  ^ong  is,  where- 
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ever  possible,  well  cultivated,  barley  and  wheat  are  the  principal  crops, 
and  near  each  of  the  houses  is  a  little  garden- patch,  where  we  saw  with 
delight  cabbages,  onions,  peas  and  taniips,  but  we  noticed  do  domestic 
fowls;  these  are  found  only  in  the  Chinesified  portions  of  tlie  country. 
From  Mer  djong,  we  went  to  Hiwoch4  (a  dependency  of  Lh'asa)  on 
the  Ts^  ch'u,  passing  through  some  beautiful  alpine  country  (along  the 
K4  ch'u),  the  mountain  sides  covered  with  fine  forest  growth  and  the 
valley  bottom  a  mass  of  flowers  of  every  line.  Frequently  we  saw  large 
bunches  of  silver  pheasants  [Crasaoptilon  tibetanum,  in  Tibetan  Saga), 
moving  rapidly  about  in  the  thickets  of  rhododendrons  and  laurel-like 
plants,  calUng  their  young  with  a  cry  peculiarly  like  that  of  the  guinea 
fowL  Very  few  varieties  of  birds  were  noticed  however  here,  or,  in 
fact,  anywhere  along  the  route,  singing  birds  being  especially  rare. 


Ftii,  10.— HBlf-biwd  yoks  wllh  losrts. 

Riwochti  is  a  place  of  some  iiniwrtance  commercially,  but  from  a  pic- 
turesque point  of  view  it  is  especially  noteworthy  for  its  peculiar  temple, 
with  walls  of  white  and  red,  and  gold  spires  rising  from  its  green-tiled 
roofs.  Around  thebiuiple  are  the  dwellings  of  some  three  hundred 
lamas,  near  which  are  the  houses  of  perhaps  a  hundred  families  of  lay- 
men. The  village  is  at  the  base  of  steep,  forest-ciad  mountains,  and 
before  it  flows  the  swift  river.  This  place  is  one  of  the  few  iu  Tibet 
which  can  boast  of  awall  around  it;  it  was  built  by  the  Chinese,  in  all 
probability,  about  1717. 

Two  stages  down  the  Z4  ch'u  valley  brought  us  to  Nyulda,  a  Chinese 
post  station  on  the  highroad  to  Lh'asa,  where  the  soldiers  supplied  us 
with  the  first  eggs  and  vegetables  we  had  had  fot  m&'a.^  a.Viw%ias«sSo.. 
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We  were  iiow  about  two  and  a  lialf  days  journey  from  the  town  of 
Gh'amdo,  which  I  was  uot  however  destined  to  Bee,  for  when  I  had 
advanced  towards  it  another  day's  ride,  I  was  stopped  by  the  lamas  of 


Fio.  ll.— TlbeUo  pnyer  mUl.  tursvd  by  ntar.    A.  Section  oT  witer-whnl  ud  e;lliidei. 

that  place,  and  requested  to  take  a  cross  road  leading  around  the  town 
at  some  distance  and  joining  again  the  highway  to  China  near  a  plac* 
called  Pung-d»5, 
1  refused  to  follow  this  load  and  finally  obtained  permissiou  to  take 
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lier  trail  over  the  monntaina  to  the  south,  which  brought  us  out, 
four  days  of  travel  through  the  most  beautiful  scenery  I  know  of 
rhere  in  Tibet,  at  the  post  station  of  Pung-d6,  the  Pao-tnn  of  the 
ese. 

le  worst  part  of  my  long  journey  was  now  over,  for  from  this  point 
veiled  in  comparative  comfort,  with  an  escort  of  Chinese  soldiers, 
r^  of  pack  and  saddle  horses,  and  houses  every  night  to  put  up  in ; 
gh  I  still  frequently  preferred  my  tent,  where  I  could  enjoy  some 
icy  and  escape  the  attack  of  the  fleas  which  swarm  in  all  Tibetan 
lings,  to  say  nothing  of  rats  and  other  vermin. 
le  first  town  of  any  importance  we  came  to  after  leaving  Eiwoch6 
Draya,  or  Chamdun  Draya  as  it  is  also  called,  the  capital  of  an 
isiastical,  semi-independent  state,  on  an  affluent  of  the  Om  ch'u, 
h  flows  by  Ch'amdo. 

ie  town  is  prettily  situated  on  a  gentle  slope,  the  lamasery,  as 
1,  occupying  the  higher  part  of  it,  with  a  little  plain  in  fronts 
nd  which  flows  the  Ombo  ch'u,  here  met  by  two  other  streams 
onsiderable  size.  The  crops  were  ripening  and  fields  of  barley 
wheat  covered  every  little  patch  of  ground  susceptible  of  culti- 
>n.  On  high  frames,  with  which  every  country  house  is  provided, 
3  twisted  in  cables  was  drying  for  the  winter's  forage,  and  in 
)  places,  where  the  high  precipitous  mountains  did  not  over- 
ow  the  fields  too  much  and  the  crops  were  early,  barley,  wheat, 
turnips,  were  already  hanging  on  these  frames,  which  are  used 
ywhere  in  Tibet  for  this  purpose. 

tough  I  was  very  roughly  received  at  Draya — in  fact,  in  lieu  of 
crackers  I  had  a  volley  of  stones  let  off  at  me  as  I  entered  the 
I — I  remained  here  for  two  days  and  gathered  a  good  deal  of  inter- 
ig  information  bearing  on  both  the  country  and  the  people,  which 
not  possible  to  convey  here,  and  for  which  I  must  refer  the  reader 
y  complete  report  now  in  preparation. 

1  the  6th  of  September,  I  left  Draya,  and  after  an  interesting  jour- 
of  five  days,  up  hill  and  down  dale,  reached  the  important  town  of 
X)k,  or  Chiangka  as  it  is  called  by  the  Chinese,  the  chief  town  of 
province  of  Merkam  belonging  to  Lh'asa.  It  is  curious  in  this  con- 
ion  to  note  that  vassal  states,  governed  by  officials  sent  by  Lh'asa, 
bund  scattered  all  over  Tibet;  the  Nyarong  or  ^'arable  lowlands  of 
Nya  River,''  the  Tsarong,  Riwoch^,  and  innumerable  localities  in 
hern  and  southeastern  Tibet  belong  to  this  class, 
lese  districts  have  frequently  given  in  their  allegiance  to  Lh'asa  (or 
d  their  head,"  go-ta-uca^  as  they  say)  on  account  of  similarity  of  re- 
us beliefe.  Sometimes,  however,  Lh'asa  has  got  possession  of  them 
ugh  intrigues  or  open  aggression. 

firtok  is  an  important  center  for  the  musk  trade,  which  of  late  years 
taken  considerable  extension.  It  has  a  native  population  of  about 
n  hundred,  besides  some  two  hundred  or  three  hundred  lamas. 
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From  a  huudred  to  a  hundred  and  thirty  Chinese  also  reside  here,  all^ 
or  nearly  all,  of  them  having  native  wives. 

Wheat,  oats  (wild!),  and  barley  are  grown  here  extensively,  and  the 
gardens  supplied  us  with  cabbages,  turnips,  and  several  other  kinds 
of  vegetables,  one,  called  in  Chinese  osungj  I  found  especially  ps^a* 
table.  Cats,  pigs,  and  fowls  were  seen  in  every  house,  and  I  was  pre- 
sented by  the  Chinese  officer  in  command  of  the  little  garrison  here 
with  grapes,  peaches,  and  apricots  (wild  varieties,  I  believe)^  brought 
here  from  the  Rongmi,  or  ^^terres  ehaudesj^^  as  the  French  missionaries 
call  them,  some  two  days'  distance  down  the  Biver  of  Golden  Sands 
(Chin-sha  ho  or  Chin  chiang  ho). 

For  the  first  time  in  Tibet  I  saw  house  sparrows  {cheuAay  in  Tibetan) 
at  Gartok. 

Leaving  Gartok  on  the  12th  of  September,  we  reached  Bat^ang  on  the 
15th,  and  here  the  geographical  portion  of  my  work  was  at  an  end.  The 
X>eople  between  Gartok  and  Bat'ang  are  Chinesifled  to  a  considerable  ex- 
tent, and  have  also  a  few  customs  introduced  among  them  from  inter- 
course with  the  tribes  living  south  of  them,  Lissus,  Mosso,  and  others. 
Among  other  things  borrowed  from  these  tribes  is  a  peculiar  jew's-harp, 
carried  by  every  woman  of  this  region,  and  consisting  of  three  differeDt 
toned  harps  of  bamboo;  two  or  three  women  often  play  together,  and 
to  this  accompaniment  they  dance  a  slow,  shuffling  step  in  which  grace 
and  beauty  are  conspicuously  absent. 

I  remained  at  Bat'ang  four  days,  and  then  proceeded  to  Lit'ang, 
which  I  reached  on  the  24th,  and  finally  arrived  at  Ta-chien-lu,  on  the 
Chinese  frontier,  on  the  2d  of  October.  From  this  locality  to  Shanghai, 
where  I  arrived  on  the  Ist  of  November,  I  followed  the  route  taken  by 
me  in  1889,  and  for  a  description  of  which  I  must  again  refer  the  reader 
to  the  published  account  of  my  first  journey. 

Before  closing  this  brief  account  of  my  journey  I  must  mention  that  in 
July,  when  on  the  Dang  ch'u  (and  even  earlier,  when  in  Namrn),  I  heard 
that  some  foreigners  had  passed  through  the  country  some  six  months 
previous,  coming,  it  was  supposed,  from  the  west.  In  August  I  a^n 
heard  vaguely  of  these  travellers,  and  on  the  18th  of  that  month,  while 
camped  near  the  Z6  ch'u  at  Lah'a  in  Nar  peihn,  I  was  shown  by  a  native 
a  note  he  had  received  firom  a  foreigner  commanding  an  exx>edition  which 
had  passed  through  here  several  months  before.  It  was  signed  Capt. 
Henry  Bower,  of  the  Seventeenth  Bengal  Cavalry,  and  he  had  come>,  I 
learned  later,  from  Ladak  byway  of  the  deserts  to  the  northwest  of  Tibet 

Since  then  I  have  had  the  pleasure  of  meeting  Capt.  Bower  in  liOn- 
don,  and  we  have  been  able  to  compare  notes.  From  this  compari- 
son it  results  that  after  the  10th  of  August  (I  had  then  reached  the 
I  ch'u  Valley),  our  routes  were  very  nearly  parallel  till  we  arrived  near 
Ch'amdo,  after  which  point  they  were  identical. 

Finally,  I  would  like  to  call  attention  to  the  rich  fields  of  research 
China  and  its  dependencies  afford  the  explorer,  be  he  geographer,  bota- 
nist;  geologist,  or  ethnologist.    Though  volumes  enough  to  fill  a  goodly 
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library  have  been  written  about  the  Chinese  Empire,  a  great  deal  re- 
mains to  be  done.  Oar  geographical  knowledge  of  China  ia  Btill  baaed 
on  the  surreys  of  the  Jesuits,  executed  iti  tlie  seventeenth  century,  to 
which  a  few  itineniriea  have  sinc«  been  added.  Fumpelly,  Bichthofen 
and  a  few  others  have  only  studied  the  geology  of  a  part  of  this  vast  re- 
gion ;  its  botany  ia  lesa  well  known  perhaps  than  that  of  any  other  part  of 


'a-faarp  (Sapi),  BamboOr    f,  Buolwocue  of  itaiue. 

the  globe.  Its  ethnology,  though  it  hsis  been  more  or  lesa  atudied  by  hun- 
dreds of  writers,  has  never,  as  far  as  I  know,  been  systematically  treated^ 
and  the  scientific  study  of  the  languages  of  China  is  only  just  begun. 
Of  the  scientific  results  of  my  journey  I  will  here  say  nothing;  they 
will  be  submitted  in  the  report  which  I  am  at  present  preparing,  to- 
gether with  a  route  map  on  a  eculeof  16  miles  to  an  inch,  reduced  from 
my  original  survey.  The  illustrations  accompanying  this  paper  are 
from  photographs  taken  by  lueon  the  journey,  and  of  which  I  secured 
aome  two  hondred  fairly  good  ones. 


PEOGEES8  OP  ASTRONOMY  FOR  1891  AND  1892. 


By  William  C.  Winlock. 


A  review  of  the  progress  of  astronomy  for  the  years  1879  and  1880 
was  contributed  by  Prof.  E.  S.  Holden  to  the  Smithsonian  Report  for 
1880,  and  reviews  for  each  succeeding  year  were  continued  by  him  in 
the  annual  reports  of  the  Institution  up  to  1884;  the  reviews  for  1885 
and  1886,  and  for  1887-'88  and  1889-'90  were  prepared  by  the  present 
writer,  the  publication  since  1886  being  biennial  instead  of  annual.  The 
arrangement  of  the  review  for  1891-'92  is  essentially  the  same  as  in 
previous  years  and,  in  its  compilation  as  hitherto,  notes  in  recent  jour- 
nals have  been  freely  drawn  upon  without  specific  citation. 

It  should  be  borne  in  mind  that  the  review  is  intended  for  those  having 
a  general  interest  in  astronomy  rather  than  for  the  professional  astron- 
omer who  has  access  to  a  large  working  library.  To  the  latter  the 
bibliography  appended  may  be  found  convenient  as  a  reterence,  and 
will  supplement  the  text  in  giving  a  general  idea  of  recent  publications 
on  any  special  subject.  Many  very  important  papers  are  of  such  a 
nature  that  they  do  not  lend  themselves  readily  to  condensation  for  the 
purposes  of  such  a  summary  as  the  present. 

Within  the  last  few  years  .many  new  aids  have  been  provided  to 
facilitate  reference  to  the  constantly-increasing  volume  of  the  litera- 
ture of  the  subject.  The  most  comprehensive  of  these  is  to  be  found 
in  the  Bulletin  astronomiquey  published  under  the  auspices  of  the 
Paris  Observatory  and  the  able  editorship  of  M.  Tisseran'd.  In  addi- 
tion to  extensive  critical  reviews  of  imi>ortant  memoirs,  there  is  a  brief 
summary  of  the  contributions  to  other  astronomical  periodicals,  and 
the  whole  is  made  easy  of  reference  by  an  admirable  index  (wherein 
most  journals  are  defective)  at  the  close  of  the  year,  which,  in  fact, 
to  a  large  extent,  supplies  a  bibliography  of  astronomy  for  the  year. 
The  Journal  of  the  British  Astronomical  Association  contains  a  sum- 
mary of  current  periodical  literature,  the  value  of  which  to  the  mem- 
bers is  abundantly  vouched  for.  The  Publications  of  the  Astronomical 
Society  of  the  Pacific  contains  a  great  number  of  admirable  reviews  or 
notes,  and  this  department  is  receiving  increased  attention  in  Astron- 
omy and  Astrophysics.  The  Observatory  has  perhaps  the  most  com- 
plete notes,  without  an  attempt  at  a  systematic  summary  of  current 
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literature,  to  be  fouod  in  English,  while  the  excellent  reviews  in  Nature 
and  the  more  popalar  notes  of  the  Athenceum  need  no  special  comment 
here.  The  Astronomische  Ndchrichten  and  the  AstranomicalJoumal 
contain  occasional  notices  of  important  works. 

The  ''Notes  on  some  points  connected  with  the  progress  of  astron- 
omy during  the  past  year"  in  the  Monthly  Notices  of  the  Royal  Astro- 
nomical Society  have  been  increased  in  scope  and  fullness,  and  as  the 
reviews  in  different  branches  of  astronomy  are  furnished  by  specialists, 
these  notes  form  a  most  valuable  commentary  on  the  year's  work.  The 
Vierteljahraschrift  der  aatronomuchen  Oesellschaft  is,  of  course,  the  crit- 
ical astronomical  review,  and  is  the  recognized  authority  for  summa- 
ries of  cometary  and  planetary  discoveries. 

STELLAR  SYSTEMS. 

The  Milky  Way. — The  independent  researches  of  Prof.  Pickering  at  the 
Harvard  observatory  and  of  Dr.  Gill  at  the  Cape  of  GkKxl  Hope  have 
led  to  the  conclusion  that  the  stars  of  the  Milky  Way  form  a  veritable 
sidereal  system,  separate  and  individual.  This  conclusion  is  entirely 
opposed  to  the  views  Sir  William  Herschel  reached  from  his  earliest 
observations  (1785)  which  are  still  generally  received  by  those  who 
have  not  given  much  attention  to  this  special  question.  Miss  Gierke 
points  out  in  the  Observatory  for  September,  1891  (p.  302),  that  "the 
study  of  nebular  distribution  might  alone,  and  long  ago,  have  driven 
out  of  the  field  every  form  of  *  projection  theory'  of  the  Milky  Way. 
For  it  showed  the  great  majority  of  gaseous  nebulse  to  be  embraced 
within  its  circuit,  and  this  alone  amounted  to  a  demonstration  that  a 
physical  reality,  and  not  simply  a  geometrical  appearance,  was  in 
question." 

A  brief  statement  of  the  arguments  of  Prof.  Pickering  and  of  Dr. 
Gill  is  contained  in  a  lecture  by  the  latter  delivered  at  the  Eoyal 
Institution  of  Great  Britain,  May  29, 1891.    Dr.  Gill  said : 

I  pass  now  to  another  recent  result  that  is  of  great  cosmical  interest. 

The  Cape  photographic  star-charting  of  the  Southern  Hemisphere 
has  been  already  referred  to.  In  comparing  the  existing  eye  estimates  of 
magnitude  by  Dr.  Gould  with  the  photographic  determinations  of  these 
magnitudes,  both  Prof.  Kapteyn  and  myself  have  been  greatly  struck 
with  a  very  considerable  systematic  discordance  between  the  two. 
In  the  rich  parts  of  the  sky,  that  is,  in  the  Milky  Way,  the  stars  are 
systematically  photographically  brighter  by  comparison  with  the  eye 
observations  than  they  are  in  the  poorer  part  of  the  sky,  and  that  not 
by  any  doubtful  amount,  but  by  half  or  three-fourths  of  a  magnitude. 
One  of  two  things  was  certain,  either  that  the  eye  observations  were 
wrong,  or  that  the  stars  of  the  Milky  Way  are  bluer  or  whiter  than 
other  stars.  But  Prof.  Pickering,  of  Cambridge,  America,  has  lately 
made  a  complete  photographic  review  of  the  heavens  and  by  placing 
a  prism  in  front  of  the  telescope  he  has  made  pictures  of  the  whole 
sky.  .  .  .  He  has  discussed  the  various  types  of  the  spectra  of  the 
brighter  stars,  as  thus  revealed,  according  to  their  distribution  in  the 
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sky.  He  finds  thus  that  the  stars  of  the  Sirius  type  occur  chiefly  iu  the 
Milky  Way,  whilst  stars  of  other  types  are  fairly  divided  over  the  sky. 

Now  stars  of  the  Sirius  type  are  very  white  stars,  very  rich  relative 
to  other  stars  in  the  rays  which  act  most  strongly  on  a  photographic 
plate.  Here  then  is  the  explanation  of  the  results  of  our  photographic 
stai'-chartiug,  and  of  the  discordance  between  the  photographic  and 
visual  magnitudes  in  the  Milky  Way. 

The  results  of  the  Cape  charting  further  show  that  it  is  not  alone  to 
the  brighter  stars  that  this  discordance  extends,  but  it  extends  also, 
though  in  a  rather  less  degree,  to  the  fainter  stars  of  the  Milky  Way. 
Therefore  we  may  come  to  the  very  remarkable  conclusion  that  the 
Milky  Way  is  a  thing  apart;  and  that  it  has  been  developed  perhaps  in 
a  diflerent  manner,  or  more  probably  at  a  different  and  probably  later 
epoch  from  the  rest  of  the  sidereal  universe.* 

NEBULA. 

In  a  paper  by  Prof.  Keeler,  communicated  to  the  Boyal  Society  by  Dr. 
Huggins  on  March  19, 1891,  the  question  of  the  position  of  the  chief 
nebular  line  seems  to  be  definitely  settled.  Prof.  Keeler  has  not  only 
made  a  series  of  sixteen  complete  measures,  obtained  on  eleven  nights, 
of  the  chief  line  in  the  spectrum  of  the  Orion  nebula,  thus  defining  its 
apparent  position  when  corrected  for  the  earth's  motion,  as  X  5006.22  ± 
0.014,  but  has  supplemented  these  by  ten  measures  of  the  green  hydro- 
gen line  on  seven  nights.  The  latter  show  the  nebula'  to  be  moving 
relatively  to  the  solar  system  with  a  motion  of  +  10.7  ±  1.0  miles  per 
second,  and  oblige  us  to  fix  the  true  position  of  the  chief  line  at  X  5005.93. 
The  chief  line  is  therefore  0.43  tenth  meter  more  refrangible  than  the 
lower  edge  of  the  magnesium  fluting,  and  as  it  has  no  resemblance  to 
a  fluting  in  appearance,  and  as  flutings  and  lines  of  magnesium,  which 
could  not  fail  to  appear  at  the  same  time  with  the  flutiug  at  X  5006.36 
are  entirely  absent  from  nebular  spectra,  the  incorrectness  of  the  view 
that  the  nebular  line  is  the  remnant  of  the  magnesium  fluting  appears 
to  be  demonstrated. 

Mr.  Bumham  has  made  a  set  of  measures  of  the  nebula  in  the 
Pleiades  close  to  the  star  Merope.  He  remarks  that  it  is  one  of  the 
most  singular  and  interesting  objects  in  the  heavens.  With  respect 
to  its*  nearness  to  a  bright  naked-eye  star  (the  distance  between  the 
centers  is  less  than  40")  it  is  unique.  There  may  be  other  examples, 
but  certainly  no  other  has  ever  been  discovered,  and  this  close  asso- 
ciation of  a  faint  nebula  and  one  of  the  prominent  stars  of  the  Pleiades 
is  an  interesting  fact,  whether  such  association  Is  accidental  or  other- 
wise. The  accurate  measures  made  by  Mr.  Burnham  and  Mr.  Barnard 
will  enable  this  point  to  be  ascertained  when  others  shall  have  been 
made  sometime  hence,  and  it  will  be  possible  to  determine  by  compar- 
ison whether  the  new  nebula  is  drifting  in  space  with  Merope  and  the 
other  stars  of  this  famous  group.  We  have,  of  course,  many  examples 
of  large  stars  involved  in  widely  diffused  and  extended  nebulous  masses. 


^Publications  of  the  Astrouomical  Society  of  tUePQ^eV^e^  \^. 
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bat  no  instance  has  hitherto  been  known  of  a  star  bright  enough  to  be 
visible  to  the  naked  eye  having  a  small  definite  nebula  within  even  sev- 
eral times  the  distance  of  this  from  Merope. 

ASTBONOMIGAL   CONSTANTS. 

The  Constant  of  Aberration, — Prof.  Gomstock,  of  the  Washburn  Ob- 
servatory, has  been  making  careful  trial  of  a  modification  of  the  method 
of  determining  the  constant  of  aberration  first  suggested  by  M.  Loewy. 
The  essential  feature  of  M.  Loewy's  method  is  the  introduction  of 
reflecting  surfaces  in  front  of  the  objective  of  a  telescope,  by  means  of 
which  images  of  different  portions  of  the  heavens  are  simultaneously 
produced  in  the  focal  plane  of  the  objective.  By  means  of  the  microm- 
eter the  apparent  distance  between  the  images  of  two  stars  thos  pro- 
duced may  be  measured,  and  the  angular  distance  between  the  stars 
determined  from  a  simple  relation  involving  the  measured  quantity  and 
the  angle  included  between  the  reflecting  surfaces.  It  is  obvious  that 
great  difficulties  would  attend  the  determination  of  this  angle,  and  tf. 
Loewy  avoids  these  difficulties  by  measuring  the  distances  of  two  pairs 
of  stars  and  taking  the  difference  of  these  distances,  thus  eliminating 
the  angle  between  the  mirrors.  Prof.  Comstock  has  found  it  advan- 
tageous to  place  before  the  objective  three  reflecting  surfaces  instead 
of  two,  making  approximately  equal  angles  among  themselves,  and  to 
employ  successively  each  pair  of  surfaces  in  measuring  the  distance 
between  two  given  stars.  If  the  normals  to  these  surfoces  all  lie  in 
the  plane  passing  through  the  two  stars  and  the  earth,  the  mean  of 
the  three  dihedral  angles  formed  by  the  surfaces  will  be  exactly  120^; 
and  by  taking  the  mean  of  the  results  fiirnished  by  the  three  pairs  of 
surfaces  the  distance  between  a  pair  of  stars  may  be  determined  in- 
dependently of  the  angles  between  the  mirrors.  Prof.  Gomstock's  pro- 
visional result  for  the  constant  of  aberration  is  20''.494  ±0''.0L7. 

MM.  Loewy  and  Puiseux's  work  on  the  Constant  of  Aberration  is 
summarized  as  follows  in  a  communication  to  the  Comptes  Bendtu  for 
March  16, 1891. 

1.  Struvtfs  value  20''.445  is  very  near  the  truth.  It  would,  in  our 
opinion,  be  premature  to  alter  it. 

2.  M.  Fizeau's  result,  that  reflection  does  not  affect  the  behavior  of 
rays  with  regard  to  aberration,  is  confirmed. 

3.  The  new  method  for  determining  aberration  can  be  regarded  as 
satisfactory  and  definitive. 

STAR  CATALOGUES  AND  GHABTS. 

The  star  Catalogue  of  the  Astronomische  Qeselhchaft. — The  zone  under- 
taken by  the  Harvard  College  Observatory  +60^  to  +65^  declination 
has  been  published  as  the  fifth  part  of  the  great  catalogue.  The  obser- 
vations were  made  with  the  new  meridian  circle  in  the  years  1870-'78 
and  1883-'84,  chiefly  by  Prof.  W.  A.  Rogers,  under  whose  direction 
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the  reductions  have  also  been  made.  The  right  ascensions  were 
observed  chronographically  over  eleven  vertical  wires,  and  the  declina- 
tions also  chronographically  over  an  inclined  wire,  the  circle  being 
read  by  two  microscopes.  The  probable  error  of  an  observation  in 
1870-78  is  ±0.H)54  in  right  ascension  and  dL0".55in  declination,  and  is 
rather  greater  for  stars  fainter  than  the  eighth  magnitude  than  for 
brighter  stars. 

The  fifth  volume  of  the  Annals  of  the  Ijeyden  observatory  contains 
the  second  halfof  the  zone  observations  between  +30^  and  +35^ — em- 
bracing ten  thousand  observations. 

The  Paris  Catalogue, — The  second  part  of  this  work,  containing  the 
places  of  stars  from  6^  to  12**  of  right  ascension,  has  recently  been 
issued,  the  first  part  having  been  published  in  1887.  There  are  really 
three  catalogues,  the  first  comprising  observations  from  1837  to  1853 
reduced  to  1845.0;  the  second,  those  made  from  1854  to  1867  reduced  to 
1860.0,  and  the  third  from  1868  to  1881  reduced  to  1875.0.  The  stars 
are  arranged  in  the  order  of  right  ascension  at  1875.0.  A  valuable 
memoir  on  the  proper  motions  of  the  stars  contained  in  the  catalogue 
has  been  prepared  by  Bossert. 

Second  Munich  Catalogue. — A  second  catalogue,  containing  13,200 
stars  for  the  epoch  1880.0  has  been  published  under  the  direction  of 
Prof.  Seeliger  supplementary  to  the  larger  catalogue  recently  issued. 
The  stars  are  from  the  seventh  to  tenth  magnitude  within  25^  of  the 
equator,  and  were  observed  with  the  meridian  circle  during  the  years 
1884  to  1888.  The  positions  depend  upon  Auwers's  Fundamental  Cata- 
logue. • 

Pulkowa  Catalogue. — The  Pulkowa  catalogue  of  5,634  stars  for  1875 
is  deduced  from  observations  made  with  the  meridian  circle  during  the 
years  1874-'80,  and  prepared  for  publication  by  Herr  Komberg.  The 
stars  are  of  various  classes,  including  many  of  the  Struve  double  stars. 
A  comparison  is  made  with  the  places  of  several  other  catalogues. 

OeltzerCs  Catalogue. — A  new  editou  of  Oeltzen's  catalogue  of  Argel- 
ander's  southern  zones,  — 15^  to  — 31  o,  has  been  published  by  Prof. 
Weiss.  The  total  number  of  stars  is  18,276,  the  positions  being  given 
for  1850.0  with  the  amount  of  the  precession  necessary  to  bring  them 
to  1875.0.  The  places  of  stars  north  of  —  23°  have  been  compared  with 
Schonfeld's  Southern  Durchmusterung,  and  south  of  that  limit  with 
other  catalogues,  thereby  eliminating  a  considerable  number  of  errors 
from  the  original  places. 

Bctddicket^s  map  of  the  Milky  Way, — Dr.  Boeddicker,  of  the  Earl  of 
Bosse's  observatory  at  Birr  Castle,  has  been  at  work  since  1884  upon 
an  elaborate  map  of  the  Milky  W^  frofii  the  North  Pole  to  10^  south 
declination,  and  has  at  length  finished  this  very  laborious  task.  His 
plan  has  been  to  exhibit  the  ramifications  of  the  Milky  Way  as  it  ap- 
pears to  the  naked  eye,  a  necessary  first  step  to  the  knowledge  of  the 
structure  of  the  sidereal  universe.    No  optical  help  has  been  used. 
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STELLAR   PARALLAX. 

Prof.  Pritcliard  lias  continued  in  Part  iv  of  the  i)ablications  of  the 
Oxford  University  Observatory  liis  work  upon  the  photograi>hic  deter- 
mination of  stellar  parallaxes.  He  has  concluded  ^^from  actual  and 
prolonged  experience  that  an  accuracy,  amply  sufficient  in  the  present 
condition  of  astronomy,  is  secured  by  observations  of  each  star  made 
on  twenty-five  nights  advantageously  selected  throughout  the  paral- 
lactic year,  four  exposures  being  usually  made  on  each  night." 

The  general  result  of  the  investigations  of  the  parallax  of  thirty 
northern  stars  of  the  second  magnitude  is  that  the  average  parallax  of 
a  star  of  the  second  magnitude  is  0/^056;  and  comparing  with  this 
the  result  of  Drs.  Gill  and  Elkin  fov  the  average  parallax  of  fourteen 
first  magnitude  stars,  viz,  0.''089  we  see  that  there  is  distinct  evidence 
that  the  brighter  stars  are  nearer — though  it  should  be  borne  in  mind 
that  the  heliometer  was  used  by  Drs.  Oill  and  Elkin,  and  the  photo- 
graphic method  by  Prof.  Pritchard. 

Following  is  a  tabular  statement  of  the  Oxford  results.  Two  results 
a  and  b  are  obtained,  from  two  comparison  stars;  the  probable  error 
of  each  result  is  about  ±0."025: 


a  Anclromedw... 
p  Andromedee.-. 

a  ArietiB 

a  Peraei 

p  Penei 

P  Taari 

P  Anrigfe 

Y  Geminoruxn... 
a  TTrse  McOoris 
P  Ursfls  Majoris 
y  TJna  M^Joris 
c  TJntd  Mi^joria 
i|  Ursn  M%jorift 

p  Leonia 

p  XJrnflD  Minoris 

a  Corons 

y  I>racoDi8 

y  Cygni 

c  Cygni 

a  Pegasi 

c  Pegasi 


Yale  helionieter  determinations  of  stellar  parallax. — Dr.  Elkin  pub- 
lishes the  following  preliminary  results  of  his  investigations  of  the 
parallaxes  of  the  first  magnitude  stars  in  the  northern  hemisphere, 
proposing  to  continue  his  observations  until  he  has  secured  one  hun- 
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dred  sets  of  measures  of  each  of  the  ten  stars — ^that  namber  being 
required  in  his  opinion  to  fiimish  parallaxes  with  probable  errors  not 
much  above  0".01 : 


aXaari 

«  Anrige 

«  Orionu 

«  Canis  Minoris 
p  Geminomm... 

a  Leonis 

a  BootiB 

a  Lyrie 

a  Aqnilie 

aCygni 


Parallax. 

Probable 
error. 

No.  of 
compari- 
son stars. 

No.  of 
sets. 

II 

(/ 

+0. 101 

±0.022 

0 

65 

+0.095 

0.021 

.5 

51 

+0.022 

0.022 

6 

48 

+0.341 

0.020 

6 

48 

+0.057 

0.021 

6 

48 

+0.089 

0.026 

10 

43 

+0. 016 

0.018 

10 

80 

+0.092 

0.019 

6 

67 

+0.214 

0.023 

10 

46 

—0.012 

0.020 

7 

49 

Determination  of  stellar  paralUix  with  a  transit  instrument. — ^Prof. 
Eapteyn  has  published  a  paper  of  much  interest,  upon  the  determina- 
tion of  relative  stellar  parallax  by  observations  of  the  differences  of 
right  ascension  between  the  selected  star  and  neighboring  comparison 
stars  made  with  the  transit  instrument  and  chronograph.  The  compar- 
ison stars  are  selected  of  about  the  same  declination  as  the  star  whose 
parallax  is  to  be  determined  and  symmetrically  situated  at  slightly 
greater  and  less  declinations.  The  differences  of  right  ascension  and 
of  magnitade  should  be  small.  Special  precautions  are  taken  to  elimi- 
nate all  ordinary  instrumental  errors,  particularly  the  error  of  clock 
rate,  which  has  an  important  effect. 

The  following  are  the  results  published  by  Prof.  Kapteyn.  The  prob- 
able error  given  in  each  case  is  not  far  from  ±0.''03: 


SUr. 

Parallax. 

SUr. 

Parallax. 

Bonn  V1181 

fi 
+0.074 

Bonn  771104 

II 
+0.428 

B  UrseM^joris... 

+  .052 

105 

+  .168 

Bonn  VII 85 

+  .064 

110 

+  .030 

20  Leo  Minoris 

+  .062 

Ill 

+  .016 

Bonn  VII 89 

+  .176 

112 

+  .139 

Bonn  VII 94 

+  .101 

114 

+  .038 

Bonn  Vn  95 

+  .038 

119 

+0.056 

Lai.  20670 

—0.011 

1 

Parallax  of  d  Herculis, — Prof.  Leavenworth  has  found  a  parallax  of 
+0."050  ±0."014  from  his  own  observations  of  this  star;  and  from  a 
series  of  observations  published  by  Dembowski  in  his  "  Double  Star 
Observations,''  +0."030  ±0."015. 

Parallax  of  P  Ursce  Majoris, — Dr.  Franz  finds  from  heliometer  ob- 
servations of  this  star  at  Konigsberg  from  1883  to  1890  a  parallax  of 
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+0/'10  with  a  probable  error  of  O/'Ol.  As  the  annual  proper  motion 
is  3^',  this  parallax  implies  that  the  star  is  moving  through  space  at  a 
rate  of  88  miles  a  second.  Dr.  Franz's  result  is  considerably  smaller 
than  that  obtained  by  Prof.  Geelmuyden  from  transit  observatioDS, 
n=0/'27  from  differences  of  right  ascension,  and  O.''24from  differences 
of  declination. 

DOUBLE  AND  MULTIPLE  STARS. 

Oarers  catalogue  of  binary  stars. — Mr.  (jore  has  compiled  a  useful 
catalogue  of  binary  stars,  for  which  orbits  have  been  computed,  giving^ 
besides  the  elements,  date  of  computation^  etc.,  the  magnitudes,  colors^ 
spectra,  hypothetical  parallax,  observed  parallax,  relative  brightness, 
and  the  constants  A  and  B  for  use  in  Mr.  Kambaut's  method  of  com- 
puting the  parallax  from  the  orbital  motion  of  the  star  in  the  line  of 
sight.  The  more  recent  measures  are  given  iu  a  series  of  notes.  The 
catalogue  was  originally  communicated  to  the  Boyal  Irish  Academy,  in 
June,  1890,  and  has  been  reprinted  from  the  Proceedings. 

Prof.  Asaph  Hall  has  made  a  further  discussion  of  the  relative  motion 
of  the  two  components  of  61  Oygni  and  the  question  whether  there  is 
anything  in  the  nature  of  a  physical  connection  between  the  two.  His 
conclusion  is  in  favor  of  such  connection,  but  although  accurate  obser- 
vations of  the  mutual  distances  and  angles  of  position  date  from  1825, 
and  Prof.  Hall  includes  in  the  discussion  those  made  by  himself  up  to 
1891,  it  is  not  possible  to  reach  any  result  with  regard  to  the  {)eriod  of 
revolution,  except  that  it  is  long. 

Two  lists  of  double  stars  discovered  by  Mr.  Burnham,  most  of  them 
with  the  36-inch  refractor,  have  appeared  during  1892,  bringing  Mr. 
Burnham's  double  star  discoveries  up  to  1264.  Most  of  his  measures  are 
of  the  more  difficult  or  interesting  doubles,  a  measurement  of  O'M  being 
apparently  quite  a  simple  matter.  Mr.  Burnham  has  also  published  a 
number  of  investigations  of  double  star  orbits,  and  collected  Usts  of 
measures. 

Among  lists  of  recently  published  measures  of  double  stars  should 
be  mentioned  the  series  of  observations  of  950  stars  by  Prof.  Hall  made 
from  1880  to  1891,  with  the  26-inch  equatorial,  of  the  •United  States 
Naval  Observatory.  With  reference  to  the  reduction  and  discussion 
of  double  star  measures.  Prof.  Hall  says:  ^'The  formulsB  and  corrections 
for  personal  equation  of  observation  seem  to  me  of  doubtful  utility,  and 
a  better  way  is  to  compare  the  measurements  of  the  same  star  by 
different  observers. " 

Discovery  of  double  stars  by  means  of  their  spectra. — ^In  the  review 
of  astronomy  for  1889-'90  attention  was  called  to  Prof.  E.  C.  Picker- 
ing's discovery  of  the  duplicity  of  C  Ursae  Majoris  and  /?  Aurig« 
through  pecularities  iu  ttieit  a^ctxA  "wldch  indicated  differences  iu  the 
motions  of  supposed  compoweiiU. 
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Prof.  Piekeriug  has  inor«  recently  called  attention  to  another 
interesting  class  of 'invisible  double  stars,"  detected  in  a  somewhat 
similar  way  by  peculiarities  in  their  spectra. 

Of  many  double  stars  the  brighter  component  is  red  or  ycHow,  while 
the  fainter  component  is  green  or  blue.  The  spectroscope  shows  that 
this  is  due  to  the  fact  that  the  spectrum  of  the  brighter  component  is  of 
the  second  type,  like  our  sun,  whih^  the  spectrum  of  the  fainter  compo- 
nent is  of  the  first  type,  traversed  by  strongly  marked  hydrogen  lines. 
If  the  stars  are  near  together  the  spectrum  of  the  combined  light  re- 
sembles that  of  the  sun,  except  that  the  hydrogen  lines  are  all  strong. 
Stars  like  ft  Cygni  give  such  a  spectrum,  but  the  compionents  are  so  far 
apart  that  the  separation  of  their  spectra  is  clearly  shown.  Several 
stars  hitherto  supjiosed  to-be  single  have  been  found  whose  s])ectrum 
is  of  the  class  described  above,  and  the  question  arises  whether  they 
may  not  really  be  double  with  comiKuients  so  close  that  they  can  not  be 
separated  by  ordinary  means.  In  the  detailed  examination  of  the  spec- 
tra of  the  brighter  stars  made  by  Miss  Maury  upon  the  Harvard  photo- 
graphs, stars  occupying  all  intermediate  grades  from  the  first  to  the 
second  type  have  been  found,  and  it  is  difficult  to  determine  whether 
there  are  really  two  spectra  or  merely  changes  in  the  spectrum  of  a  sin- 
gle star  due  to  physical  causes.  Upon  the  hypothesis  of  duplicity  the 
hydrogen  lines  would  probably  show  a  periodic  displacement,  and  iu 
fact  an  examination  of  four  photographs  of  the  spectrum  of  Procyon 
does  show  a  displacement  of  the  lines  which,  if  the  phenomenon  is  due 
to  the  relative  movement  of  a  faint  component,  would  seem  to  indicate 
that  it  is  receding  at  the  rate  of  20  kilometers  i)er  second  as  compared 
with  the  bright  component.  The  evidence  of  duplicity  is  not  con- 
sidered conclusive  by  Prof.  Pickering,  but,  from  an  examination  of  ten 
other  stars  having  a  similar  composite  spectrum,  five  are  well-known 
doubles,  two  have  distant  companions,  leaving  three,  r  Persei, 
C  Aurigae,  and  d  Sagittarii,  which  it  would  seem  from  the  above  consid- 
erations may  possibly  be  double. 

VARIABLE   STARS. 

Algol. — Mr.  Chandler  has  published  the  results  of  an  interesting 
investigation  of  the  variable  star  Algol,  the  periodicity  of  which  ap- 
pears to  have  been  first  discovered  by  Goodricke,  at  York,  in  17<S2;  and 
the  explanation  suggested  by  him  of  the  ])criodic  diniinntion  of  the 
brightness,  that  it  is  produced  by  the  interposition  of  an  ojiaipie  sat 
ellit<i,  is  now  generally  arcei)trd,  confirmed  as  it  has  recently  been,  by 
the  investigations  of  Prof.   V»).2:eL     Mr.  Chandler,  after  an  elaborate 
investigation  of  the  ineijualiticj^  iu  the  ])ciio(l,and  also  of  the  iricuularity 
in  the  obt^ervcd  projKT  motion  of  Algol,  has  fouiuHliat  they  may  bo 
satisfactorily  acx!Ounted  for  by  supposing  that  both  Algol  itself  and  the 
satellite  w^hich  revolves  round  it  in  about  2  <lays  20.8  hours  Uvw^vv 
pominon  revolution  round  a  third,  large,  (\\s\v\uV  v\v\v\.v>Yvvv\\\v^\kv^v!v^^\vL^ 
//,  Mis.  in U 
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period  of  about  130  years.  The  size  of  this  orbit  around  the  common 
(•euter  of  gravity  is  about  equal  to  that  of  Urauus  around  the  sun. 
The  plane  of  the  orbit  is  inclined  about  20^  to  our  line  of  vision. 

Several  interesting  cases  of  variability  have  been  detected  in  the 
examination  of  the  photographs  of  stellar  spectra  at  the  Harvard  Ob- 
servatory all  showing  the  bright  hydrogen  lines;  the  change  in  bright- 
ness exceeding  two  magnitudes.  The  director  of  the  Harvard  Obser- 
vatory has  called  for  the  cooperation  of  astronomers  provided  with  tele- 
scopes of  moderate  power  and  not  otherwise  engaged,  for  the  observa- 
tion of  a  list  of  seventeen  circumi)olar  variables  of  long  period.  The 
methods  to  be  followed  are  set  forth  in  a  circular  issued  by  the  observa- 
tory, and  accessible  to  Jill  who  are  interested. 

Nip^im  Auriga* — One  of  the  most  remarkable  outbursts  of  "new  stars" 
or  *'  Mora'"  that  has  ever  been  recorded,  occurred  during  the  year  1892— 
a  phenomenon  of  double  interest  in  that  it  afforded  an  opiwrtunity  of 
study  under  improved  astronomical  apparatus. 

On  February  1, 1892,  an  anonymous  postal  card  was  received  at  the 
Royal  Observatory,  Edinburgh,  announcing  the  presence  of  a  new  star 
in  the  constellation  Auriga.  It  subsequently  turned  out  that  the  dis- 
c;overer  was  Dr.  Thomas  S.  Anderson,  an  amateur  astronomer  liviug  in 
Edinburgh,  that  the  discovery  had  been  made  by  the  help  of  a  st^r-atlas 
and  a  small  pocket  telescope,  and  that  the  star  had  been  seen  by  him 
for  some  days  previous  to  February  1 ;  it  was  of  about  the  fifth  magnitude. 
In  the  first  observations  at  Edinburgh  it  was  found  to  be  of  a  yellow 
tint  and  about  the  sixth  magnitude,  its  position  for  1892  being  right 
ascension  5''  25"'  3*;  declination  +30^  21'.  Very  fortunately  system- 
atic photographs  of  this  region  had  be^n  made  for  some  time  by  Pro£ 
Pickering  at  the  Harvard  Observatory,  and  the  Nova  was  in  fact  found 
to  have  been  photographed  on  thirteen  plates  taken  between  December 
10, 1891,  and  January  20,  1892;  while  it  does  not  appear  upon  a  plate 
taken  at  Heidelberg  on  December  8,  which  shows  stars  down  to  the 
ninth  magnitude.  Tlie  outburst,  at  least  above  the  ninth  magnitude 
seems,  therefore,  to  be  pretty  well  fixed  between  Decembers  and  10, 
1892. 

The  Nova  remained  of  the  fourth  or  fifth  magnitude  till  the  end  of 
February,  then  diminished  somewhat  rapidly,  and  by  the  end  of  March 
it  was  of  the  twelfth  to  fourteenth  magnitude. 

In  August  it  was  again  easily  visible.  At  the  Lick  observatory  it 
was  found  to  be  of  10.5  magnitude  on  August  17,  and  9.8  on  August 
19,  and  further  flu(;tuations  in  brightness  have  occurred. 

The  spectrum  was  of  the  greatest  interest.  The  chief  characteristic 
was  a  brilliant  array  of  bright,  broad  lines,  attended  by  dark  compan- 
ions on  the  more  refrangible  sides.  Numerous  finer  details  were  then 
added,  dark  lines  crossing  the  broad,  bright  bands,  and  bright  lines 
marking  the  dark  companicms. 
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Three  lines  have  attracted  more  especial  attention  on  account  of  their 
intimate  connection  with  the  suspected  physical  constitution  of  the 
star.  "  These  are  (1)  tlie  bright-green  line  near  &4,  and  the  less  refran- 
gible edge  of  the  hydrocarbon  band ;  (2)  the  line  near  the  chief 
nebular  line  A5006,  and  (3)  the  line  near  the  pair  of  chromospheric 
lines  A4923  and  A4921.  Wlien  the  wave  length  of  these  lines,  as  quoted 
by  the  observers,  are  corrected  for  motion  in  the  line  of  sight,  and 
airanged  in  a  table,  the  mean  values  come  out  very  close  to  the  wave 
lengths  of  three  notable  pairs  of  solar  chromospheric  lines ;  while  mag- 
nesium and  the  hydrocarbons,  as  possible  origins  of  line  (1),  are  ex- 
cluded by  the  absence  from  the  lists  of  their  inseparable  companion 
lines  and  Hutings. 

Line  (2)  is  claimed  by  four  observers  for  the  chief  nebular  line,  but 
the  weight  of  evidence  seems  to  be  against  its  nebular  origin,  and  the 
outburst  would  seem  to  be  a  vast  chromospheric  disturbance,  a  view 
confirmed  by  Dr.  Huggins'  observation  of  the  complete  series  of  bright 
hydrogen  lines  in  the  ultra-violet — the  same  that  Hale  and  Deslandres 
found  in  the  solar  chromosphere — but  each  with  its  dark  companion. 

An  interesting  article  advocating  the  meteoric  theory  in  explanation 
of  the  outburst  is  given  by  Prof.  Lockyer  in  Volume  31  of  the  Nine- 
teenth Century.  The  chromospheric  theory  of  the  near  approach  of 
two  stars  is  given  by  Dr.  Huggins  in  the  June  number,  1892,  of  the 
Fortnightly  Review ;  Seeliger's  modification  of  the  meteoric  theory  is 
translated  in  Astronomy  and  Astrophysics  for  December,  and  a  single- 
star  chromospheric  theory  is  offered  by  Sidgreaves  in  the  October 
number  of  the  Observatory. 

STELLAR  SPECTRA. 

Draper  catalogue  of  stellar  spectra, — Volume  27  of  the  Harvard  An- 
nals contains  a  catalogue  of  the  photographic  spectra  of  more  than  ten 
thousan<l  stars  north  of  25^  south  declination.  The  photographs  were 
taken  with  an  8-inch  Voigtlander  lens,  in  front  of  which  was  placed  a 
prism  8  inches  square,  with  a  refracting  angle  of  13^.  The  edge  of  this 
prism  was  so  fixed  that  the  star's  light  was  dispersed  in  declination,  the 
length  of  the  spectrum  being  about  a  centimeter,  and  the  star  being 
allowed  to  trail  slightly  gave  the  spectrum  a  width  of  about  a  millimeter. 
Each  plate  covered  10^  square  and  the  spectra  of  all  stars  to  the  sixth 
magnitude  were  photographed.  The  spectra  are  divided,  for  conveni- 
ence, into  a  large  number  of  classes — A  BCD  indicatihg  varieties  of  the 
first  type;  E  to  L,  varieties  of  the  second  type;  M,  the  third  type;  N, 
the  fourth  tyT;)e;  and  O  P  Q  spectra  that  do  not  resemble  any  of  the 
preceding  types.  One  of  the  most  important  features  of  the  work  is 
the  method  by  which  photographic  magnitudes  have  been  assigned. 
"  The  quantity  measured  in  each  case  is  the  intensity  of  the  spectrum 
in  the  vicinity  of  the  G  line.  Accordingly,  when  stars  having  diflerent 
spectra  are  compared,  the  results  will  not  be  the  same  as  if  the  entire 
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light  of  the  stars  were  measured.  In  the  latter  case,  the  results  will 
difler  with  the  eolor  of  the  star,  according  to  the  method  of  measure 
ment  employed.  This  is  a  serious  defect  iu  the  measures  of  the  brij^'ht 
ness  of  the  stars  iu  catalogues  hitherto  published.  Since  the  x>resent 
measures  relate  to  rays  of  a  single  wave-length,  the  same  result  should 
be  obtained  whether  the  method  of  com])arison  was  by  the  photographic 
plate,  the  eye,  or  the  thermopile." 

The  Draper  catalogue  gives  the  approximate  positions  of  the  stars  for 
the  year  1900,  with  their  refereiKJC  numbers  in  the  Bonn  Durchmustening: 
and  the  Harvard  Photometry;  their  class  of  spe('trum  by  letters;  their 
photographic  magnitudes  and  the  differences  of  these  from  the  magni 
tudes  of  the  Durchmusterung,  the  Argentine  General  Catalogue  and 
the  Harvard  Photometry.  A  well  arranged  table  gives  the  details  of 
the  measures  of  magnitude  on  the  various  plates  on  which  each  star 
appears.  The  whole  sky  to  25°  south  declination  was  photographed 
twice  with  plates  overlapping. 

Volume  26,  part  1,  of  the  Harvard  Annals  gives  additional  details 
respecting  the  photographs,  their  measurement  and  reduction  not  con- 
veniently included  in  the  catalogue  volume  itselt^ — a  complete  histor} 
of  the  Draper  Memorial.  A  point  brought  out  in  the  various  matters 
discussed  in  this  volume  is  the  predominance  of  the  first  type  spectra 
in  the  Milky  Way  elsewhere  referred  to,  and  the  systematic  underval 
uing  of  the  brightness  of  the  Galactic  stars  by  about  one-flfth  of  a  mag- 
nitude, by  the  *' Durchmusterung'^  and  ^*  Uranometria  Argentina"  as 
compared  with  the  Harvard  photometric  and  photographic  magnitudes. 

A  third  volume  is  to  follow  devoted  to  the  work  of  the  8-inch  Draper 
telescope  during  the  years  1889  and  1892  and  to  the  discussion  of  stars 
of  peculiar  spectra. 

A  fifth  type  of  stellar  spectra. — Prof.  E.  0.  Pickering  has  proposed  to 
class  in  a  ''fifth  type"  stars  whose  spectra  resemble  those  of  the  stars 
discovered  by  Wolf  and  Kayet.  In  general,  his  photographic  survey 
has  confirmed  Secchi's  fourfold  division  of  stellar  spectra,  but  many 
stars  in  Orion  and  the  neighborhood  differ  considerably  from  the 
onlinary  first -type  stars,  the  additional  lines,  instead  of  being  faint  as 
in  Vega,  being  nearly  as  intense  as  the  hydrogen  lines,  while  two 
(•lasses  of  objects,  the  i)lanetary  nebuhe  and  the  stars,  the  spectra  of 
which  consist  chiefly  of  bright  lines,  are  left  uniirovided  for.  Prof. 
Pickering  points  out  the  close  similarity  of  the  grouping  of  the  lines  in 
these  three  classes  and  also  the  striking  character  of  their  distribution. 
While  stars  of  the  second  and  third  types  are  about  equally  divi(le<l 
between  the  Milky  Way  and  the  regions  remote  from  it,  two-thirds  of 
the  first-type  star  lie  in  or  near  the  Milky  W^ay  and  of  the  Orion  stars 
four-fifths  are  Ibund  in  the  Milky  Way. 

A  similar  distribution  of  the  planetary  nebulae  has  long  been  nx'ojf 
nized,  and  Prof,  Pickering  shows  that,  of  thirty-throe  stars  knowH  a^ 
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the  "  Wolf-Rayet,"  or  as  he  suggests  the  "fifth  type,"  every  one  lies 
\rithin  10^  of  the  Galactic  equator,  two-thirds  within  2^  of  it. 

^  Virgims. — Dr.  VogePs  more  recent  observations  of  a  Virginis  at  , 
Potsdam  accord  with  his  earlier  observations  of  the  same  star,  show- 
ing that  it  is  a  close  binary.  The  method  of  observation  is  quite 
interesting  :  The  spectrum  of  the  star  and  of  terrestrial  hydrogen  are 
jihotographed  together,  and  the  displacement  of  the  stai  lines  on  the 
photograph  in  the  neighborhood  of  H  ;/  is  afterwards  measured  under 
a  microscope.  Stars  with  spectra  of  the  second  and  third  types  give 
results  of  considerable  accuracy,  as  the  lines  in  such  stars  are  immer- 
ous  and  sharp. 

In  the  case  of  a  Yirginis  the  difliculties  of  observation  were  greater, 
the  hydrogen  lines  being  broad  and  diffuse,  without  any  definite  maxi- 
mum of  intensity,  and  there  were  no  distinct  lines  in  the  vicinity  of 
H  y  to  which  the  measurements  could  be  referred.  Dr.  Vogel's  meas- 
urements of  twenty-four  photographs  showed  that  the  star  lines  were 
displaced  alternately  toward  the  upper  and  the  lower  end  of  the  spec- 
trum in  a  complete  period  of  about  four  days,  the  maximum  disi)lace- 
ment  toward  the  violet  indicating  a  motion  of  the  star  toward  the  sun 
of  65.9  English  miles,  and  that  toward  the  red  a  receding  motion  pt 
47.5  miles  per  secjond.  These  observations  are  completely  explained  by 
supposing  that  Spiea  is  a  binary  star  having  a  i)eriod  of  one  compo- 
nent about  the  other  or  the  common  center  of  gravity  of  about  4  days, 

« 

(the  orbital  velocity  of  the  larger  component  being  56.7  miles  per  sec- 
ond) and  that  the  system  is  approaching  the  sun  at  the  rate  of  9.2 
miles  per  second.  On  the  assumption  of  a  circular  orbit,  equal  mass  of 
the  components,  and  the  data  given  by  observation,  the  mass  of  the 
system  is  2.6  times  that  of  the  sun,  and  the  distance  between  the 
components  6,260,000  miles. 

In  commenting  upon  Dr.  Vogel's  work  Prof.  Keeler  says,  "A  won- 
derftil  picture  of  stellar  motion  is  presented  to  our  mind,  and  one  to 
which  the  whole  visible  universe  as  revealed  to  us  by  our  greatest  tele- 
scopes offers  no  parallel.  The  spectacle  of  two  great  suns  like  our  own, 
revolving  around  each  other  in  only  four  days,  at  a  distance  no  greater 
than  that  which  separates  the  sixth  satellite  of  Saturn  fi'om  its 
primary,  is  one  which  the  inadequacy  of  our  optical  powers  will  proba- 
bly ever  forbid  us  from  actually  beholding,  but  the  indirect  evidence 
that  such  extraordinary  circumstances  of  motion  exist  is  so  complete 
that  we  must  admit  their  reality." 

(i  Aurigce. — The  Potsdam  observations  furnish  a  complete  confirma- 
tion of  Prof.  Pickering's  discovery  of  the  duplicity  of  this  star.  The 
hues  in  the  spectrum  of  the  star  appear  double  on  every  second  day, 
and  the  component,  in  the  line  of  sight,  of  the  motion  of  the  system  can 
amount  to  nearly  150  miles  a  second,  while  the  whole  system  has  a 
motion  relatively  to  the  solar  system  of  —4.03  miles;  that  is,  a  motion 
of  this  amount  per  second  towards  the  solar  system. 
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C  TJrsce  Majorift. — The  duplicity  of  C  Ursae  Majoris  is  not  so  satisfac- 
torily confirmed.  Tbe  maximum  relative  velocity  of  its  two  com- 
ponents seems  to  amount  to  about  100  miles  per  second. 

a  Bootis. — Mr.  Keeler's  recent  measures  upon  the  D  line  of  the  spec- 
trum of  Arcturm  show  that  the  velocity  in  the  line  of  sight  is  not  80 
kilometers  per  second,  the  value  hitherto  a<;cepted,  but  6.4  kilometers^ 
which  accords^with  the  result  obtained  by  Dr.  Vogel.  The  mean  of  the 
measures  at  Potsdam  from  October  5,  1888,  to  May  23,  1890,  is  —7.1 
zt  0.3  kilometers.  The  Lick  observations  from  April  20, 1890,  to  August 
15, 1890,  give  —6.9  kilometers. 

ASTRONOMICAL  PHOTOGRAPHY. 

The  photographic  chart  of  the  sky, — The  third*  meeting  of  the  perma- 
nent committee,  appointed  by  the  Astrophotographic  Congress  at  Paris 
in  1887,  was  held  at  the  Paris  observatory  from  March  31  to  April  4, 
1892.  Admiral  Mouchez  presided,  the  members  of  the  committee  pres, 
ent  being  Baillaud,  Bakhuyzen,  Beuf,  Christie,  Denza,  Donner,  Gill 
Henry  (Paul),  Henry  (Prosper),  Janssen,  Kapteyn,  Loewy,  Moucbez, 
Pujazou,  Eayet,  liicco,  Tacchini  and  Tripled.  The  following  astrono- 
mers were  also  present  by  invitation,  Messrs.  Abney,  Andoyer,  Belo^ 
polsky.  Bouquet  de  la  Grye,  Cornu,  Knobel,  Gautier,  Maturana,  Plum 
mer,  Scheiner,  Tisserand,  and  Wolf  (C). 

Drs.  Bakhuyzen  and  Gill  were  elected  vice-presidents  and  Prof. 
Kapteyn  and  Tripled  secretaries. 

From  reports  of  progress  made  at  different  observatories  the  follow- 
ing notes  indicate  tbe  advancement  of  the  work: 

Some  delay  had  been  experienced  in  securing  the  i)lates  containing 
the  reference  lines  or  ^*  reseatix,^^  but  provision  was  finally  made  to 
furnish  them  at  an  early  day,  as  well  as  the  photographic  plates  which 
it  was  necessary  should  be  of  a  specially  good  quality  of  plate  glass. 

Algiers, — Instruments  ready  and  only  awaiting  the  plates  and  ^*  r^^eau.^' 

Bordeaux. — Photographic  instaUation  has  been  ready  for  about  a  year;  a  number 
of  experimental  photographs  have  been  taken  and  the  work  can  commence  as  soon 
as  a  supply  of  plates  is  secured  with  the  necessary  ^*  r^seau.'^ 

Cape  of  Good  Hope. — Instrument  practicaUy  ready. 

Catania. — The  instrument  has  been  completed. 

HelHngfors. — The  instrument  has  been  ready  for  several  months  and  a  considerable 
number  of  photographs  have  been  taken. 

La  Plata, — Instrument  ready. 

Melbourne* — Instrument  ready  and  a  number  of  experimental  plates  have  hevn 
secured. 

Oxford. — Instrument  ready  and  a  number  of  plates  submitted  to  the  committ«*. 


*  The  first  meeting  of  the  committee,  for  organization,  etc.,  was  held  at  the  time  of 
the  Congress  in  April  1887,  the  second  meeting  or  the  first  regular  meeting  for  di-s- 
cussions,  in  September,  1889  (not  1890,  as  stated  by  a  misprint  in  the  review  of  As- 
tronomy for  1889-'90). 
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Paris. — InBtrameut  rea<ly. 

Pol&doiH, — Instrument  ready  and  a  number  of  plates  submitted  to  the  inspection  of 
the  committee. 

Kio  de  Janeirg, — The  photographic  equatorial  Iiub  been  received  and  \Yill  be 
mounted  at  the  new  site  of  the  observatory. 

Rome  (  Vatican). — The  instrument  has  been  completed. 

San  Fernando. — The  instruments  are  mounted  and  work  can  be  Ite^nn  as  soon  as 
the  reaeau  is  received. 

Santiago, — The  instrument  is  finished,  but,  owing  to  political  disturbance  in  Chile 
it  is  impossible  to  fix  a  day  for  beginning  the  work. 

Sydney. — Ready  except  for  the  ^^rSseau." 

Tacubaya. — Instrument  ready  and  a  number  of  experimental  plates  submitted. 

Toulouse. — The  instrument  was  one  of  the  first  to  be  mounted;  the  '^r^seau  *'  and 
photographic  plates  are  only  needed  to  begin  the  work. 

Following  is  a  summary  of  the  resolutions  adopted  at  tbis  meeting: 

(1)  No  change  is  made  in  the  conditions  of  distance  and  magnitude 
of  the  stars  that  have  formed  the  different  parts  of  the  catalogue  of 
guide  stars. 

If,  however,  the  guide  star  of  the  catalogue  is  not  bright  enough,  a 
brighter  one  may  be  selected  up  to  a  distance  of  40'  from  the  center 
of  the  plate. 

(2)  The  '^r^^eau^^  is  to  be  i)hotographed  upon  each  plate  by  parallel 
rays  of  light.    (To  replace  resolution  15  adopted  at  the  meeting  of  1889.) 

(3)  The  orientation  of  the  plates  in  zones  above  05^  declination  will 
be  arranged  for  the  equinox  of  1900;  for  other  stars  the  parallel  will 
be  referred  to  the  apiiarent  equinox. 

(4)  The  work  decided  upon  by  the  congress  of  1887  comprises  two 
series  of  negatives  made  with  different  exposures^  The  committee, 
while  urging  special  activity  in  securing  i)lates  of  shorter  exposure 
(negatives  intended  for  the  catalogue),  would  suggest  that  the  best 
nights  be  also  taken  advantage  of  for  plates  of  longer  exposure  (for 
the  chart). 

(5)  Negatives  from  which  the  catalogue  is  to  be  formed  will  have 
two  exposures  for  the  same  plate,  one  showing  faintly  the  images  of 
stars  of  the  eleventh  magnitude,  the  other  with  an  exposure  twice  as 
long,  the  distance  of  the  two  images  being  0.2  to  0.3  of  a  millimeter. 
(To  replace  resolution  23  of  the  meeting  of  1889.) 

(6)  MM.  Abney  and  Cornu  are  added  to  the  committee  on  reproduc- 
tion of  the  negatives. 

(7)  With  reference  to  the  production  of  the  chart,  purely  photo- 
graphic methods  will  be  used,  to  the  exclusion  of  all  manual  interven- 
tion. 

(8)  For  the  chart  proper  (long  exposures)  a  series  of  negatives  with 
single  exposure  will  be  taken,  having  an  even  degree  of  declination  in 
the  center  of  the  plate.    Further  study  will  show  whether  it  is  desir- 
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jible  that  in  the  secoud  scries  (those  with  an  odd  ilej^^ree  ut  the  center) 
there  should  be  two  or  three  exposures. 

(9)  To  make  it  possible  to  pass  miiformly  aud  with  certainty  from 
Argelander's  ninth  magnitude  to  the  eleventh  magnitudi*  desired  for 
the  negatives  of  the  photograi>hic  catalogue  there  will  be  distributed 
among  the  observatories  fine  wire-gauze  screens,  absolutely  identical, 
which,  when  i)laced  over  the  object  gLiss  of  the  telescope  will  diminish 
the  magnitude  of  a  star  by  two  units  (adopting  the  coetlicient  2.512  Ibr 
the  ratio  betw^een  two  consecutive  magnitudes).  Each  o]>servatory  will 
from  time  to  time  make  type  negatives  of  certain  specified  regions. 

(10)  The  committee  suggests  forty  minutes  as  the  length  of  exposure 
of  the  plates  for  the  chart  (the  series  of  ei?cw  declinations)  under  the  ordi- 
nary atmospheric  conditions  of  Paris,  and  with  the  Lumiere  plates  used. 

The  committee  on  metallic  screens  will  furnish  the  Messrs.  Henry  with 
a  screen  with  which  they  will  determine  the  time  t  for  obtaining  the 
eleventh  magnitude  stars  of  Argelander's  scale.  Then  for  each  obser- 
vatory provided  with  an  identical  screen,  the  ratio  40  :t  will  be  the  factor 
by  which  to  multiply  the  time  of  exposure  necessary  to  secure  satisfac 
tory  images  of  eleventh  magnitude  stars,  in  order  to  obtain  the  proper 
exposure  for  the  <*hart  plates. 

(11)  The  questions  of  the  number  of  reference  stars  for  each  nega- 
tive for  the  catalogue,  the  choice  of  the  stars,  aud  the  necessary  steps 
to  secure  meridian  observations  are  referred  to  a  8i)ecial  committee,  con- 
sisting of  Messrs.  Auwers,  Bakhuyzou,  C'hristie,  Ellery,  Gill,  Kapteyn, 
ami  Loewy,  with  full  powers. 

(12)  As  soon  as  convenient  each  observer  will  prepare,  or  will  have 
prepared  by  any  observatory  or  bureau  he  may  select — 

(a)  Measures  of  the  position  of  each  star  on  the  catalogue  referred  by 
rectilinear  coordinates  to  the  nearest  lines  of  the  *'  rheauJ^ 

{h)  Measures  necessary  for  the  determination  of  the  stars'  magnitudes. 

The  different  observatories  will  publish  the  separate  results  of  these 
measures  and  the  Permanent  Comnuttee  will  undertake  their  reduction 
as  soon  as  a  sufficient  number  of  meridian  observations  of  the  reference 
stars  is  at  hand. 

(13)  The  work  upon  the  chart  will  commence  at  each  observatory  as 
soon  as  the  metallic  screen  reducing  the  stars  by  two  magnitudes  is  re- 
ceived, involving  j)r()bably  a  delay  of  two  months.  Each  observer  may, 
how^ever,  begin  before  receiving  the  screen  if  he  is  w)ntidentthathecan 
get  all  stars  of  the  eleventh  magnitude  upon  the  catalogue  plates. 

(14)  Without  a<lopting  a  fornml  resolution,  the  committee  would 
recommend  as  a  separate  and  personal  investigation,  that  a  specialseries 
of  negatives  with  long  exposuresbemadeof  theregion  neartheecliptie. 
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The  lollow  ing  distribution  of  the  zones  among  the  dift'ereiit  observa- 
tories was  definitively  adopted  in  place  of  that  previously  published ; 


Observatories. 


Latitude. 


Zoue. 


Greenwich 

Rome 

(\itauia 

Helsiugfora 

Potadaui 

Oxford 

Paris 

bordeaux 

Toalonse 

Alginrs 

San  Fernando 

Tacubaya 

Santiago.. 

La  Flat* 

Rio  d«  Janeiro 

Cane  of  Good  Hope. 

Sydney 

I^el  bourne 


o 

+51 

h41 

+37 

i  60 

i  52 

+51 

+48 

+44 

+43 

36 

+36 

19 

—33 

—34 

—22 

—33 

—33 

—37 


29 
54 

;i« 

9 
23 
4G 

50 ; 

50 

37 

4H 

28 

24 

27  ' 

35 

54  i 

50 

52  , 

50  1 


+  90 
+W 
+54 
I  40 
+39 
+31 
+  24 
+17 
+  10 
4-  4 

—  3 

—  10 

—  17 
—24 
-32 
—41 
—52 
—65 


to +65 
+  55 
47 
+40 
4  32 
4  25 

+  18 
H  11 
+  5 

—  2 

—  9 
-10 
—23 
—31 
—40 
—51 
-Qi 
—90 


No.  of 
plates. 


1149 
1040 
1008 
101)8 
1232 
1180 
1260 
1260 
1080 
12(>0 
Vdm 
1260 
1260 
1360 
1376 
1512 
1400 
1149 


(16)  Every  year  before  the  end  of  January  a  report  upon  the  progress 
of  the  work  will  be  made  to  the  bureau  of  the  Permanent  Committee. 

(17)  The  thanks  of  the  conference  were  vott^d  for  the  courtesy  of 
the  Academy  of  Sciences  in  printing  the  Bulletin,  and  the  hope  was 
expressed  that  the  different  governments  would  provide  the  necessary 
means  for  the  observations  themselves  and  for  the  publication  of  the 
chart. 

The  sixth  fasciculus  of  the  Bulletin  contains  papers  by  Prof.  Kap- 
teyn  and  M.  Sautier  on  the  parallactic  micrometer,  and  upon  photo- 
graphic magnitudes  by  Profs.  Wolf  and  Duner.  The  latter  subject  has 
also  been  discussed  by  Dr.  Scheiner  in  the  Astronomische  Nachrichteny 
by  Prof.  Pritchard  in  the  Comptes  Bendmy  and  by  Mr.  Christie  in  the 
Monthly  Notices. 

Photograplis  of  the  Pleiades. — Rutherford's  photographs  of  the  Plei- 
ades taken  in  1872  and  1874  have  been  selected  for  measurement  by 
Mr.  Jacoby  as  offering  an  opportunity  for  comparing  the  accuracy  of  the 
photographs  with  that  of  heliometer  and  micrometer  measures.  Each 
plate  contains  two  impressions  of  the  cluster,  both  of  which  were  meas- 
ured. Mr.  Jacoby's  method  consisted  of  measuring  the  position  angle 
and  distance  from  the  star  24 1?,  and  he  finds  the  probable  error  of  the 
mean  of  the  twenty  exposures  to  be  about  i  0."03  in  each  element. 

A  comparison  between  these  photographic  places  and  the  places 
resulting  from  the  Yale  and  Konigsberg  heliometers  shows  that  the 
photographs  are  fully  entitled  to  be  taken  into  consideration  in  making 
a  study  of  the  proper  motions  or  in  forming  a  definitive  catalogue  of 
the  group. 

Dr.  Max  Wolf,  of  Heidelberg,  with  a  portrait  lens  of  2.J  inches 
aperture,  has  not  only  discovered  new  nebulae  on  his  long  exposure  pho- 
tographs, but  new  minor  planets ;  several  meteors  which  crossed  the  field 
left  perfectly  distinct  records. 
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COMETS. 

In  a  series  of  papers  in  the  Bulletin  Astronomique  M.  Schulhof  has  de- 
veloped in  an  interesting  way  the  relations  existing  between  the  elements 
of  a  comet's  orbit  before  and  after  it  suffers  perturbation  by  a  planet 
That  the  periodic  comets  of  our  system  have  been  captured  through  the 
perturbing  action  of  planets  appears  established ;  and  Mercury  has  foor 
comets  assigned  to  it,  Venus  seven,  the  Earth  ten,  Mars  four,  Jupiter 
twenty-three,  Saturn  nine,  Uranus  eight,  Neptune  five,  and  a  further 
group  of  comets  appears  to  give  a  feeble  indication  of  an  ultra-Neptu- 
nian planet  at  a  distance  firom  the  sun  of  about  seventy  times  that  of 
the  earth. 

The  search  for  new  comets  has  been  systematized  by  the  cometary  sec- 
tion of  the  British  Astronomical  Association  under  the  direction  of  Mr. 
W.  F.  Denning.  The  aims  of  this  section  are  to  secure  observations  of 
comets,  to  discover  new  comets  and  nebulae,  to  record  telescopic  me- 
teors, etc.  It  is  intended  to  sweep  the  sky  regularly  for  new  comets,  a 
definite  region  being  assigned  toeach  observer  according  to  convenience 
and  choice. 

The  following  notes,  relating  chiefly  to  the  comets  of  1891  and  1892, 
will  complete  the  list  of  comets  published  in  these  *'  Reports  of  Progress," 
from  1883  to  1892.  It  is  hardly  necessary  to  remark  that  the  most 
complete  and  authoritative  annual  summary  of  cometary  phenomena  is 
that  published  by  Dr.  Kreutz  in  the  Vierteljahrsschri/t  der  Astrononi' 
ischen  Oeselhchaft. 

The  arrangement  adopted  below  is  the  order  of  perihelion  passage, 
except  in  the  case  of  well-known  periodic  comets,  such  as  Buckets, 
Winnecke's,  etc.,  which  are  arranged  alphabetically  by  their  recognized 
names.  The  table  of  elements  appended  is  to  be  regarded  as  only 
approximate,  but  is  sufficient  to  furnish  an  idea  of  the  general  form 
and  position  of  the  orbit. 

Comet  Encke :         |     The  return  of  Encke's  well-known  periodic  comet; 

^Cornet  1891,  III. |  gpg^  found  by  Barnard,  from  the  epliemeris,  on  Aug- 
ust 1, 1891.  It  was  then  exceedingly  faint,  but  in  September  it  had 
increased  to  a  nebulous  mass  of  about  the  sixth  to  seventh  magnitude. 
The  comet  was  unfavorably  situated,  for  observation  after  the  end  of 
September,  the  last  observation  reported  being  October  11.  It  is  note- 
worthy that  its  path  at  this  return  was  almost  the  same  as  in  the  return 
of  1858,  and  a  comparison  of  the  brightness  on  these  two  occasions 
would  seem  to  indicate  that  it  has  not  undergone  any  material  change 
in  physical  condition  during  the  interval. 

Comet  Tenipel. — Tempel's  first  periodic  comet,  and  of  rather  unusual 
interest,  was  unfortunately  missed  at  its  return  in  1892,  being  unfavor- 
ably situated  for  observation. 
Comet  Tempela-Swift:  This  periodic  comet  returns  to  the  sun 

:=Comet  1891  V.  I  owcfe  vu  ^very  five  and  a  half  years,  but  uu- 
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der  conditions  alternately  favorable  and  unfavorable  for  observation. 
It  was  originally  discovered  by  Tempel  in  1869,  was  picked  up  again  in 
1880  by  S^Wft,  and  again  upon  this  return  by  Barnard.  At  its  inter- 
mediate returns  in  1875  and  1885  it  was  so  situated  with  reference  to 
the  earth  and  sun  as  to  have  been  entirely  invisible.  A  very  carefully 
prepared  ephemeris  by  Bossert,  taking  account  of  the  perturbations 
from  1880,  enabled  Barnard  to  Und  the  comet  on  September  27,  1891, 
and  it  was  independently  found  by  Denning  at  Brist^jl  on  September 
30.  It  was  described  as  a  faint,  shapeless  nebulosity,  with  slight  con- 
densation about  the  center,  but  even  at  its  brightest,  towards  the  end 
of  November,  it  was  a  difficult  object  for  precise  observation,  a  ftict 
all  the  more  to  be  regretted  as  its  position  would  render  it  of  especial 
value  for  the  determination  of  the  distance  of  the  sun. 


Comet  Wiunex^ke: 

r=Comet  1892  IV. 


Winnecke's  well-known  periodic  comet  was  picked 
up  at  this  return,  through  the  help  of  von  ElaerdtPs 
ephemeris,  by  Spitaler  at  Vienna  on  March  18,  1892;  it  was  then  an 
exceedingly  faint  and  small  nebulous  mass  with  stellar  nucleus  of  the 
sixteenth  magnitude.  It  increased  in  brightness  towards  perihelion 
(on  June  30),  and  after  perihelion  was  observed  in  the  southern  hem- 
isphere till  the  end  of  September. 

Comet  1880  IV,*  which  was  discovered  by  Brooks  on  May  22, 1886, 
was  expected  to  make  its  first  return  to  perihelion  in  the  latter  part  of 
1892,  but  was  not  found.    The  orbit  is  somewhat  uncertain. 

Comet  1889  V. — To  quote  from  the  first  of  a  series  of  masterly  papers 
on  the  orbit  published  by  Mr.  Chandler  in  the  Astnmomical  Journal: 
"The  vicissitudes  in  the  history  of  this  comet  give  it  an  interest 
exceeded,  perhai>s,  by  no  other  in  astronomical  annals;  and  the  settle- 
ment of  the  problems  connected  therewith  promises  to  illuminate  our 
knowledge  of  cometary  mechanics  in  various  important  particulars. 

While  the  manner  in  which  the  comet  became  separated  into  several 
paits,  by  its  encounter  with  Jupiter  in  1886,  may  possibly  require  for 
its  precise  exposition  the  observations  which  will  be  obtained  at  the 
next  appearance  in  1896,  we  may  hope  for  an  approximate  answer  in 
the  careful  discussion  of  those  made  in  1889  alone.    .    . 

To  begin  w  ith,  it  is  necessary  to  notice  some  of  the  physical  phe- 
nomena presented  by  the  companions.  The  notation  used  will  be  the 
letters  assigned  by  Barnard,  BCD  and  E  in  order  of  the  distances 
from  the  main  comet  A.  As  is  known,  B  and  C  were  detected  by  him 
on  August  1,  with  the  12-inch,  D  and  jEJon  August  4,  with  the  36-inch. 
It  is  desirable  to  remark  here  that  the  reason  for  their  not  having  been 
discovered  in  the  previous  month,  on  July  8,  9  and  10,  can  not  have 
been  superposition  by  perspective,  at  least  in  the  case  of  C  and  the 
more  distant  companions;  for  the  orbit  of  0     .     .     .     shows  that 


*  See  SmitUsonian  Report  1887,  p.  123. 
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such  superposition  o(!curred  two  numtlis  previous  to  discoveiy  of  A 
by  Brooks,  and  ^ives  for  July  8  a  distau(*e  of  11)0"  at  02^.5  i)08itioii 
angle.  That  the  conipauions  were  not  seen  in  July,  may  be  naturally 
ascribed  to  iuterference  of  moonlight  up  to  about  July  20,  and  after 
that  either  to  the  fact  that  the  attention  of  observers  was  not  suffi- 
ciently directed  to  the  phenomenon,  or  to  the  fact  that  the  objects  had 
not  yet  become  bright  enough  to  be  (»asily  discernible.  Wc  have  tbe 
evidence  of  Spitaler  that  on  July  30  and  31  nothing  abnormal  was 
noticed  with  the  27  inch;  the  slight  elongation  on  those  dates,  seen  hy 
him  in  A  having  no  relation  to  the  matter  in  hand.  Two  nights 
after,  at  the  time  of  discovery,  Barnard  estimated  the  brightness  of  C 
at  about  one- fifth  that  of  A.  It  then  gradually  increased  in  brilliancy, 
also  becoming  less  diffused  aud  developing  a  strong  condensation  and 
nucleus,  until  at  the  end  of  August  it  was  actually  brighter  than  A  al- 
though only  one-third  its  size.  In  early  Se])tember  it  was  about  equal 
in  brightness  to  A  but  from  the  middle  of  that  month  faded,  and  be- 
came larger  and  more  diffuse  until  it  disappeared,  lat6  in  Xovember. 
The  faint  nucleus  of  i5,  in  the  beginning  appears  to  have  been  a  little 
brighter  than  that  of  O,  and  its  coma  smaller  and  less  diffused.  About 
the  middle  of  August  it  had  grown  to  be  larger  and  fainter  than  at 
first,  later  more  rapidly  so,  being  excessively  difficult  to  see  or  measure 
in  the  first  few  djiys  of  September,  and  invisible  immediately  there- 
after. Z>  and  E  were  measured  only  on  the  night  of  discovery,  and 
were  seen  only  at  rare  intervals  until  th*e  la«t  time  on  August  29. 

Such,  briefly  described,  jire  the  main  features  as  to  brightness  and 
visibility  of  these  objects.  I  beg  courteously  to  dissent  from  the  view 
which  has  been  confidently  expressed,  that  the  diffusion  and  disappear 
ance  of  B^  whde  it  was  theoretically  increasing  in  brightness,  indicate 
*  that  it  actually  dissipated  itself  into  space  and  absolutely  ceased  ^o 
exist,  if  indeed  it  were  not  absorbed  into  the  main  comet.'  Such  a  cod 
elusion  is  inherently  improbable,  unwarranted  by  any  knowledge  we 
possess  as  to  the  process  of  cometary  light  development,  and  contra 
dieted  by  inferences  drawn  from  other  cases,  of  which  only  the  most 
analagous  need  be  cited,  namely,  that  of  the  two  nuclei  of  Biela's  comet, 
the  capricious  action  of  which  affords  a  strict  counterpart  to  the  present 
instance.  It  will  be  recollected  that  fitful  alternations  of  visibility 
occurred  in  1846,  and  especially  in  1852,  when  they  repeated  theuiselves 
almost  from  day  to  day.  The  two  companions  were  not  habitually  seen 
at  the  same  time,  but  sometimes  one,  sometimes  the  other;  so  thatob 
servers  could  not  tell  which  they  were  looking  at,  without  comparison 
with  the  ephemeris.  Thus,  in  the  space  of  one  week,  for  example,  1852, 
September  15  to  22,  both  nuclei  were  visible,  then  only  the  southern, 
then  only  the  northern,  then  both  together;  again  only  the  southern, 
and,  finally,  only  the  northern,  on  successive  nights,  respectively. 

It  may  be  added  that  there  appears  to  be  little  reason  for  interpret- 
ing these  remarkable  variations  of  brilliancy  as  standing  in  any  reht 
Hon  of  effect  with  cause  whieli  \uxKluced  the  disrui)tion,  either  in  Bie 
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la's  eoniet  or  in  1889  V ;  but  iniicli  iiioro  tor  siipposiug  that  similar  be- 
havior may  be  common,  in  greater  or  less  degree,  escaping  attention 
ordinarily  from  the  difficulty  of  photometric  comparisons  in  the  ca«eof 
isolated  comets,  but  easily  attracting  the  eye,  by  contrast,  when  two 
objects  nearly  alike  are  in  the  same  field." 

Mr.  Chandler's  discussion  of  the  orbits  of  these  companions  establishes 
the  important  proposition  that  the  force  wnich  led  to  the  separaticm  of 
the  components  A  and  C,  whatever  its  nature,  operated  in  the  plane  of 
the  comet's  orbit,  and  produced  no  change  in  that  plane  or  in  the  form  of 
the  conic  section,  but  only  in  its  size,  and  in  the  direction  of  its  major 
axis.  With  reference  to  the  identity  with  LexelFs  comet,  Mr.  Chandler 
sees  no  sufficient  reason  in  the  ditferences  of  the  i)eriod  of  revolution 
(28.18  years,  Jiccording  to  Mr.  Poor,  instead  of  27  years)  to  reject  the 
supposition ;  it  is  necessary  to  carry  the  computation  of  the  perturba- 
tions a  little  farther  back. 

Comet  1890  I  J. — The  last  observation  in  1891  was  on  May  29  by  Spit- 
aler  at  Vienna;  but  it  was  again  favorably  situated  in  January  and 
February,  1892,  and  was  observed  at  Nice  up  to  February  4,  1892. 

Comet  1891  1 :  Discovered  by  Barnard  at  the  Lick  Observatory  on 

^Cornet  a  mn.  ,  March  29,  1891,  and  independently  by  Denning  at 
Bristol  on  Man'h  30.  It  was  quite  bright,  tenth  to  eleventh  magnitude, 
alK)ut  1'  in  diameter  and  with  a  tail  10'  to  30'  Jong.  At  the  time  of  dis- 
covery its  position  was  a=15o,  6=^'{-4:0^'y  it  moved  rapidly  south, 
increasing  in  brilliancy,  and  was  followed  after  perihelion  till  July,  tlie 
last  observation  having  apparently  been  obtained  at  Cordoba  o!i  July 
9, 1891. 

Comet  1891  II :  First  detected  upon  this  its  second  appearance  by 

^Coinet  b  1891.  |  Spitaler,  of  Vienna,  on  May  1,  1891,  and  by  Bar- 
=Comet  1884  III.  nard  on  May  3,  its  position  agreeing  closely  with 
_  _~^^^^^**/^*"*^^^'  '  ^he  ephemeris.  It  was  at  first  small  and  faint, 
but  in  August  it  had  a  bright  nucleus  of  the  eleventh  magnitude,  with 
coma  of  3'  to  4'  diameter;  it  decreased  in  brightness  again  after  the 
middle  of  October,  but  was  observed  till  March  31,  1892.  Early  in 
September  the  comet  passcul  over  the  group  of  the  Pleiades,  and  the 
circumstance  was  taken  advantage  of  by  a  number  of  astronomers  to 
determine  whether  the  light  from  these  stars  underwent  any  refraction 
in  passing  through  the  material  of  which  the  comet  was  comi)osed. 
The  results  obtained  were  for  the  most  part  negative,  with  the  possible 
exception  of  an  observation  by  Buruham  on  September  2,  when  the 
difi'erence  of  declination  between  21  and  22  Asterope  seemed  to  show 
some  change  as  the  comet  passed  over  them. 

The  orbit  of  this  comet  may  bring  it  at  times  close  to  Jupiter,  and 
indeed  the  perturbations  by  that  phun*t  in  1875  were  so  great  that  an 
altogether  new  orbit  resulted,  The  period  of  revolution  is  about  six 
and  three-fourths  years, 
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Comet  1891    111:  JSee  comet  Encke. 

=Comet  <•  1891. 
=Encke'8  conu*t. 


Comet  1891    IV :  a  telescopic  cx)met  of  the  twelfth  magnitude,  dis- 

— Comet  e  1891.  covered  by  Barnard  at  the  Lick  Observatory  on 

October  2,  1891.  At  the  time  of  discovery  it  was  in  the  constellation 
Argo;  it  moved  farther  south  and  was  not  seen  at  all  in  the  northern 
hemisphere  except  at  the  Lick  Observatory,  where  it  was  followed  up 
to  October  9;  in  the  southern  hemisphere  it  does  not  seem  to  have 
been  followed  beyond  October  11. 


Comet  1891  V : 

ii^Coiiiet  Tempely-Swift. 
=Coriiet  1869  III. 
=Comot  1880  IV. 
=Comet  d  1891. 


See  comet  Templca-Swift. 


Comet  1892  I:  i  Discovered  by  Swift  on  March  6,  1892,  at  17" 
^Cornet  a  1892.  ,  Rochester  mean  time,  or  5  o'clock  on  the  morninjj^  of 
March  7,  in  30o  south  declination;  the  brightest  comet  seen  in  the 
northern  hemisphere  since  the  great  September  comet  of  1882.  At  the 
time  of  its  greatest  brilliancy,  which  was  at  j)erihelioTi,  April  6,  it  was 
as  bright  as  a  star  of  the  third  or  fourth  magnitude,  with  a  bright, 
round  head  and  nucleus  of  10"  to  15"  diameter.  The  tail,  on  the  other 
hand,  was  exceedingly  faint,  and  was  variously  estimated  at  from  1^  to 
20°  in  length.  Barnard  reported  it  on  April  3  as  double.  The  photo- 
graphs of  the  tail  were  of  unusual  interest,  especially  those  taken  in 
March  at  Sydney  and  in  Ai^ril  at  Mount  Hamilton.  On  the  morning 
of  April  5  a  photograph,  made  by  Barnard  at  Mount  Hamilton  with  a 
O-inch  lens,  showed  three  main  branches  to  the  tail,  each  being  sepa- 
rated into  several  others,  so  that  in  all  at  least  a  dozen  could  be  counted. 
At  a  distance  of  two  degrees  from  the  head,  along  the  northern  side  of 
the  middle  tail,  there  was  a  sudden  bend  southward.  On  the  7th  ^*the 
southern  comi)onent,  which  was  the  brightest  on  the  5th,  had  become 
diii'used  and  fainter,  while  the  middle  tail  was  very  bright  and  broad; 
its  southern  side,  which  was  the  best  defined,  was  wavy  in  numerous 
places,  the  tail  appearing  as  if  disturbing  currents  were  flowing  at 
right  angles  to  it.  At  42'  from  the  head  the  tail  made  an  abrupt  bend 
towards  the  south,  as  if  its  current  was  deflected  by  some  obstacle.  In 
the  densest  portion  of  the  tail,  at  tlie  point  of  deflection,  is  a  couple  of 
dark  holes  similar  to  these  seen  in  some  of  the  nebulae." 

The  (»omet  was  visible  to  the  naked  eye  till  the  beginning  of  June, 
and  was  still  under  ol)servation  with  the  telescope  at  the  close  of  the 
year. 

The  spectrum  as  observed  by  Konkoly  on  April  1  and  2  consisted  of 
a  continuous  spectrum  and  five  bright  lines,  while  Campbell,  at  the 
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Lick  Observatory,  whose  observations  extend  from  April  5  to  June 
13,  saw,  in  iuldition  to  the  continuous  spectrum,  the  three  usual  com- 
etary  bands,  the  less  refrangible  sides  of  these  bands  being  sharply 
defined  and  the  middle  one,  in  fact,  terminated  by  a  very  bright  line. 
The  orbit  of  the  comet  is  undoubtedly  elliptic,  belonging  to  the  inter- 
esting group  of  comets  with  a  period  of  about  two  thousand  years. 
During  this  appearance,  as  it  was  for  a  considerable  time  in  the  neigh- 
borhood of  Jupiter,  its  path  may  be  considerably  changed. 


Comet  1892  II : 

=Comet  c  1892. 


Discovered  by  Denning,  at  Bristol,  on  March  18, 
1892,  in  23*»  right  ascension,  and  59^  north  declina- 
tion ;  it  was  then  at  its  maximum  brightness,  small,  round,  with  central 
condensation  of  from  eleventh  to  twelfth  magnitude,  and  no  tail.  It 
remained  small  and  inconspicuous,  but  was  under  observation  for  sev- 
eral months.  The  orbit  is  parabolic,  without  specially  interesting  pecu- 
liarity. 


Comet  1892  III: 

=iComet  /  1892. 
=Holme.8'8  comet. 


Discovered  by  Mr.  E.  Holmes,  at  London,  on  Novem- 
ber 6,  1892,  near  the  great  Andromeda  nebula,  and 
also  independently  on  November  9,  by  Davidson, 
at  Mackay,  Queensland — a  round  nebulous  mass  5'  in  diameter  with  a 
central  condensation,  but  no  tail;  the  suspicion  that  it  was  a  return  of 
Biela's  comet  was  shown  to  be  unfounded  as  soon  as  suflicieut  obser- 
vations were  available  for  a  determination  of  its  orbit,  though  the  orbit 
proved  to  be  elliptic  and  of  short  period.  A  short  faint  tail  was  seen 
soon  after  discovery,  and  upon  a  pliotograph  taken  by  Barnard,  on 
November  10,  it  can  be  followed  for  half  a  degree,  while  about  a  degree 
from  the  head  and  beyond  the  tail  there  is  a  diffused  nebulous  object, 
apparently  belonging  to  the  comet,  and  this  connection  seems  sub- 
stantiated by  Campbell's  spectroscopic  observations. 

The  comet  was  visible  to  the  naked  eye  to  the  end  of  November  and 
in  telescopes  of  medium  power  during  the  first  part  of  December,  and 
then  diminished  very  rapidly  in  brightness,  not  following  at  all  the 
computed  scale  of  brilliancy,  but  showing  a  remarkable  and  inexplica- 
ble outburst  about  the  16th  of  January,  1893.  The  spectrum  was  also 
peculiar  in  that  it  seemed  to  be  purely  continuous. 

According  to  the  elements  computed  by  Schulhof  the  comet  passed 
perihelion  on  June  13, 1892,  and  its  period  is  G.9  years;  the  orbit  seems 
to  lie  entirely  within  that  of  Jupiter,  the  nearest  possible  approach  of 
the  two  being  0.4,  (the  mean  distance  of  the  earth  from  the  sun  being  1,) 
but  since  1861  the  two  bodies  do  not  seem  to  have  been  very  close  at 
any  time.  The  small  eccentricity,  not  far  from  that  of  Tempel's  first 
periodic  comet,  brings  it  quite  near  to  the  upper  limits  of  the  eccen- 
tricity of  the  asteroid  orbits.  But  with  such  a  short  period,  as  it  can 
not  have  experienced  great  perturbations  since  1861,  the  reason  for  its 
never  having  been  seen  at  a  previous  return,  is  a  mystery  which  seems  to 
be  connected  in  some  way  with  the  very  great  and  abnormal  variation 
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in  bri<^litnes8  actually  detected  while  under  observations,  the  cau^e  of 
which  still  lies  beyond  us  in  the  unknown  characteristics  of  conietary 
material. 


Comet  1892  IV : 

^Cornet  h  1892. 


Found   by  Hpitaler,  at  Vienna,  on  Marcli  18, 
1892. 


:=Winne(ke'.s  comet.  ^y^,  Comct  WHinccko. 


Comet  1892  V:  Especial  interest  atta<;hes  to  this  comet,  as  it  is 

=:Comet  e  1892.  ^^le  ftrst  discovered  by  photo^iraphy,  if  we  except  the 
single  case  of  the  "  Tewftk  comet,"  shown  near  the  sun  on  a  plate  exposes! 
during  the  total  eclipse  of  May  17,  1882.  The  present  comet  was 
detected  as  a  suspicious  looking  object  upon  a  plate  exjwsed  near  a 
Aquila  on  October  12, 1892,  by  Barnard.  On  the  following  evening  the 
cometary  character  of  the  object  was  confirmed  by  the  12-inch  refrac- 
tor. It  was  faint,  1'  in  diameter,  and  from  twelfth  to  thirteenth  mag- 
nitude, somewhat  condensed  toward  the  center.  It  changed  but  little 
in  appearance  and  was  last  seen  in  December. 

Dr.  Krueger's  elements  give  a  period  of  revolution  of  only  6.3  years 
and  show  a  remarkable  resemblance  to  those  of  Wolfs  comet — so  great, 
in  fact,  as  to  suggest  a  common  origin  for  the  two,  as  in  the  case  of 
Biela's  comet  and  Brooks's  comet,  1889  V. 


Comet  1892  VI: 

=Coinet  d  1892. 


Discovered  on  August  2Sj  1892,  in  the  constella 
tion  Gemini,  by  Brooks,  a  quite  bright,  round  nebula, 
with  distinct  nucleus  and  short  faint  tail ;  it  was  vi  sible  to  the  naked 
eye  in  November,  and  the  tail  could  be  followed,  upon  a  photogi^apbic 
plat6,  November  26th,  for  5^;  after  the  middle  of  December  the  comet 
was  observable  only  in  the  southern  hemisphere. 

The  spectroscope  showed  a  continuous  spectrum  with  the  three  usual 
cometary  bands. 

Comet  1893  I:  i  This  comet  was  also  discovered  by  Brooks,  at 
=^Comet  fj  1892.  |  Geneva,  N.  Y.,  in  the  constellation  Bootes,  on  the 
morning  of  November  19, 1892;  it  was  then  quite  bright  for  a  telescopic 
comet,  but  showed  no  tail,  while  its  increase  in  brightness  and  north- 
erly motion  made  it  an  easy  object  for  observation  during  the  re^t  of 
the  year. 

In  chrouiclinji  the  comets  of  the  year  1892  mention  should  !)e  made 
of  a  susi)ieious  object  detected  by  Prof.  M.  Wolf  upon  i)hotographi(' 
plates  exposed  on  March  19  and  20,  1892.  It  could  not  be  found  upon 
a  photograph  of  March  22  nor  in  a  later  search  with  the  great  Vienna 
reti-actor. 

The  announcement  of  a  comet  discovered  by  Freeman  on  November 
26,  1892,  proved  to  be  erroneous. 

A  comet  anupuuced  by  Swift  on  December  23,  1889,  has  been  ideuti- 
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lied  bv  Drever  with  a  nebula  discovered  bv  Herschel,  and  is,  therefore, 
to  lie  stricken  from  the  list  of  lost  comets. 

Jpproxiitiate  detneiila  of  ihc  cametn  of  JStH  ami  lS9^i, 


1891  I. 
II. 

III. 

IV. 

V. 

1892  I. 
U. 

III. 

IV. 

V. 

VI. 

1893  I. 


DrJtigna- 
tion. 


I 


1891 


I 

11 

III 

IV 

V 


189*2 


I 

II 

III 

IV 

V 

VI 

1893. 

I 


Denignatiun. 


Barnard 
SpiUler. 
Barnard 
Barnard 
Barnard 


Swill. 


Dunning 


Holmen  ■ 
Spitalcr. 
Barnard 


!  l»eriheIiou   -:  T 

(Greenwich 
i       mean  time). 


1891,  Apr.  'J7.56 
1891.  Sept.  .3.40 
1891,  Oct.  17.98 
1891,  Nov.  12.94 

1891,  Not.  17.34 

1892,  Apr.  6. 69 
1892,  May  11.22 
1892,  June  13. 27 
1892,Jime30.  89 
1892.  Dec.  ll.a'> 
1892,  Dcc>.   28.09 


Discoverer. 


o 


O  / 

19:(  56 

206  22 

334  41 

217  39 

296  31 

240  (>4 

253  26 

331  42 

104  5 

206  39 

264  28 


O) 

o 

/ 

178 

48 

172 

48 

183 

57 

0  I 

120  31 

26  l.-i 

12  55 


1893.  Jan.     6.52  i     185    39 


268    33 

10<i    43 

24    31 


129 
14 
172 
170 
252 


19 
11 
6 
14 
41 


77 
5 

;w 

89 
20 


43 
23 
42 
42 
47 


85    14 


14  32 

31  12 

24  48 

143  52 


0.397 
1. 592 
0.340 
0.977 
1.087 
1.027 
1.971 
2.140 
0.886 
1.429 
0. 97fi 
l.l»:i 


Date     i 

Synonym. 


ery. 

«v- 

1891 

• 

Mar. 

29 

May 

1 

Aug. 

1 

Oct. 

2 

Sept. 

27 

1892 
Mar.  7 
Mar.  18 
Nov.  6 
Mar.  18 
Oct.    12 


Brookn I  Aug.  28 


Bniokri 1  Nov.  19 


1891a 
1891b 
18910 
1891  <* 

1891  (/ 

1892  a 
1892  r 
1892/ 
18926 
1892  « 
\mid 

1892.7 


Kemarkfi. 


0.557 
0.847 


0.653 
0.999 


0.410 
0.726 
0.  .581 


"Wolf  rt  comet.    PeriiKl  6. 8  year». 
Enoko's  comet.    Periwl  3^  yenrs. 

Tern i>el.rS wilt.     IVriod  5. 5  yeani. 


I'tTiod  6. 9  years. 

Winnecke^B  comet.    Period  b\  years. 

Periwl  6. 3  vcars. 


METKORS. 


.', 


A  fine  sliower  of  meteors,  radiating  from  tlie  neigliborhood  of  y  An- 
dromedic,  was  seen  in  the  United  States  and  Canada  on  the  night  of 
tlie  23d  of  November,  1892.  There  seems  to  be  no  doubt  that  it  was  a 
part  of  the  great  stream  connected  with  Biela's  comet,  which  was  en- 
countered on  the  28th  of  November,  1872  and  1885.  On  these  two  oc- 
casions the  earth  probably  passed  through  tlie  main  swarm,  while  in 
1892  it  passed  some  days  earlier  through  an  associated  branch  of  it. 
From  a  comparison  of  the  positions  of  the  comet  and  of  the  dates  of 
the  meteoric  showers  in  1798, 1838,  and  1872  Prof.  Newton  was  long 
ago  led  to  coiH'lude  ^'that  a  long,  extended  group  of  meteor  particles 
must  accompany  tlie  comet  in  its  periodicnl  revolution,  i>receding  it  to 
H.  Mis.  11^4 45 
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a  tli.staiice  of  300,000,000  miles  in  front,  and  following  it  t4)  a  leujjfth  of 
200,000,(M)0  miles  in  the  rear  of  its  actual  position,  or  o(!<*upyiug,  if  there 
is  i>o  reason  to  supxH)se  the  elongated  meteor  current  discontinuous, 
fully  500,0(K),000  miles  in  its  observed  length  along  the  ccmiet-s  path."  * 

SOLAR  SYSTEK. 

Motion  of  the  nolar  ,system. — Prof.  Porter  has  discussed  the  proi)er 
motions  of  1,340  stars  contained  in  publication  12  of  the  Cinciiniati 
observatory.  Adopting  Dr.  Schonfeld's  method  of  dividing  the  stars  into 
four  groups,  according  to  the  magnitude  of  their  proper  motions,  he  has 
confirmed  Dr.  Stumpe's  result  that  the  proper  moti(m  of  a  star  is  an 
index  of  its  distance  from  us.  The  mean  position  of  the  '"sun's  way" 
from  his  figures  is  2810.2  right  ascension  and  +40^.7  declination. 

Dr.  Vogel  has  also  published  the  results  of  an  inquiry  on  this  subject 
based  on  the  measured  velocities  of  stars  in  the  line  of  sight.  The 
motion  of  fifty-one  stars  has  been  determined  at  Potsdam,  and  the  proba- 
ble error  in  the  measurement  is  below  1.16  geograx>hical  miles,  but  the 
resulting  value  of  the  apex  of  motion,  though  the  observations  have 
been  discussed  in  various  ways,  is  not  in  very  satisfactory  accord  with 
other  investigations.  If  the  stellar  motions  be  treated  either  with  equal 
weights,  or  weights  approximately  proportional  to  those  assigned  hy 
Dr.  Vogel  in  his  catalogue  of  proper  motions,  the  coordinates  of  the 
apex  are  206o.l  i  12o,0  in  right  ascension,  and  +  45o.9  Ar9^/2  in  dec- 
lination, with  a  velocity  of  11.60  ±  1.8o  geographical  miles. 

SUN. 

Diameter  of  the  sun, — A  large  number  of  heliometer  measures  of  the 
diameters  of  the  sun  and  Venus  made  by  the  German  transit  of  Yeuus 
parties  in  1874  and  1882,  incidental  to  the  more  important  determioa^ 
tion  of  the  solar  parallax,  have  been  discussed  by  Dr.  Auwers,  who 
finds  for  the  mean  result  of  the  sun's  diameter  (thirty-one  observers; 
1,1)19".3,  which  diii'ers  considerably  from  that  adopted  in  the  various 
ephemerides;  the  Berlin  Jahrbuch,  for  instance,  uses  1,922".4,  the  Con 
naissance  des  Temps  and  British  Nautical  Almanacl,  023".(>,  and  the 
American  Ephemerisl,924".0.  Dr.  Auwers  remarks  that  if  the  value 
he  finds  is  aliect<^d  by  irradiation  it  can  only  be  too  large,  while 
the  adopted  diameters  are  larger  still.  He  announces  that  a  change 
will  be  made  in  the  value  used  by  the  Berlin  Jahrbuch  in  the  volume 
for  1895. 

Temperature  of  the  ftnn, — The  numerous  attemi)ts  that  have  been 
made  to  determine  the  temperature  of  the  sun  have  led  to  the  most 
<lis<()rdant  results,  the  figun»s  vaiying  from  1,500^  to  .'>,000,<KMP.  Tin* 
UR'thod  (*mi)loyed,  however,  has  always  been  the  same  (that  of  Pouil- 
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let),  aud  the  experimeutal  determiiiatious  have  been  sutlieieutly  con- 
cordant in  themselves,  the  divergencies  arising  from  the  difterent  laws 
adopttnl  to  connect  the  radiation  of  incandescent  bodies  with  their  tem- 
perature. Newton's  law,  which  holds  only  for  an  interval  of  a  few 
degrees,  gives  for  the  temperature  of  the  sun  millions  of  degrees. 
Dulong's,  which  is  only  exact  over  a  range  of  150^  at  most,  gives 
IjDOO*^.  Rosetti's  law,  established  by  experiments  made  between  0°  and 
300^,  gives  10,000^.  A  more  recent  series  of  experiments  has  been 
made  by  M.  H.  Le  Chatelier,  and  is  published  in  the  Comptes  Rendm  for 
March  28, 1892,  in  which  the  temperatures  employed  cover  a  range  of 
l,l<)Oo  (700O  to  1,8000).  The  ^< effective"  temperature  that  he  finds  for 
the  sun  is  7,600^,  which  he  thinks  may  be  subject  to  an  uncertainty,  on 
account  of  errors  which  may  effect  the  law  of  radiation,  not  greater 
than  1,0000,  the  "effective"  temperature  being  that  temperature  whic*.h 
a  body  of  emissive  power  equal  to  unity  must  have  in  order  to  send  us 
rswliations  of  the  same  intensity  as  the  sun.  The  actual  temperature 
of  the  photosphere  is  higher,  for  a  part  of  its  radiations  are  absorbed 
by  the  less  highly  heated  solar  atmosphere,  and  perhaps  also  (although 
this  seems  hardly  probable)  because  the  emissive  power  of  the  sun  may 
l>e  less  than  unity. 

Solar  cLctivity  in  1892. — The  development  of  the  solar  aetivity  during 
1892  was  no  less  marked  with  regard  to  prominences  than  with  regard 
to  sun  spots.  On  April  6  Trouvelot  reported  an  arched  prominence 
extending  some  90,000  miles  along  the  limb  of  the  sun  and  attaining  a 
height  of  over  57,500  miles.  Two  days  later  an  enormous  protuberance 
rose  to  a  height  of  71,970  miles,  extending  in  a  little  over  half  an  hour 
to  105,550,  and  a  week  later  another  extending  over  255,000  miles  along 
the  circumference. 

The  great  sun  spot  group  of  1^92. — It  appears  that  the  original  forma- 
tion of  the  group  took  place  on  the  farther  side  of  the  sun,  and  it  first 
came  under  observation  on  November  15,  1891,  when  it  was  seen  as  a 
spot  of  considerable  size  close  to  the  east  limb.  On  November  10 
the  group  consisted  of  three  spots,  and  by  November  18  it  had  assumed 
the  appearance  so  typical  of  the  more  importantdisturbances,  of  along 
procession  of  spots  of  various  sizes,  the  spot  in  the  van  and  that  in 
the  rear  being  the  largest.  During  the  December  appearance  (De^ 
eeinber  12-24)  it  was  throughout  one  well-defined  circular  spot. 

One  spot,  roughly  circular  in  shape,  alone  appeared  on  January  7, 
It  is  not  quite  clear  whether  it  represented  the  principal  group  of  the 
November  appearance  or  the  little  group  which  formed  in  advance  of 
it  and  which  became  prominent  during  December.  It  seemed  to  oc- 
cupy a  position  nearly  midway  between  the  two,  though  the  two  are 
practically  to  be  regarded  as  one  disturbance. 

Before  its  appearance  at  the  east  limb  on  March  4  a  great  (ihange 
had  taken  place.    The  group,  which  on  February  13  had  covered  more 
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than  3,000  millioiithH  of  the  siiii'«  visible  Ijemisphere,  did  not  cover 
one-fifteenth  of  that  area  on  March  5,  though  it  revived  somewhat  lie- 
fore  it  was  last  secMi  at  the  west  limb  on  March  17,  but  did  not  survive 
to  make  a  sixth  appearance  at  the  e^st  limb  on  March  31  or  April  1. 

According  to  Mr.  Maunder  the  great  spot,  the  largest  on  reconl  at 
Greenwich,  was  92,000  miles  long  and  62,000  miles  broad,  while  the 
entire  group  of  which  it  formed  the  principal  paii;  was  162,000  miles 
long  and  75,000  broad.  The  area  of  the  spot  on  Februaiy  13, 1892^ 
was  2,940  million  sciuaie  miles,  and  tlie  whole  group  3,530  million 
square  miles.  This  is  about  eighteen  times  the  area  of  the  earth,  and 
seventy  globes  as  large  a«  ours  could  have  lain  side  by  side  in  the  im- 
mense hollow.  Mr.  Maunder  thinks  that  the  effect  upon  the  weather 
of  a  si>ot  even  of  such  enormous  size  must  be  very  slight,  if  apprecia- 
ble. The  magnetic  needle,  however,  undergoes  violent  disturbance  upon 
their  appearance. 

In  an  article  in  Knowledge  for  April  and  May,  1892,  Mr.  Maunder 
brings  forward  some  important  evidence  in  regard  to  the  connection 
between  sun  spots  and  magnetic  storms.    The  article  concludes  as  fol 
lows  : 

In  a  period  of  nearly  nineteen  years,  therefore,  we  have  three  mag- 
netic storms  which  stand  out  preeminently  above  all  others  during 
that  interval.  In  that  same  period  we  have  three  great  sun  spot  dis- 
plays— counting  the  two  groups  of  April,  1882,  together — which  stand 
out  with  equal  distinctness  far  above  all  other  similar  displays.  And 
we  find  that  the  three  magnetic  storms  were  simultanei)U8  with  the 
greatest  development  of  the  s]K)ts.  Is  there  any  escape  from  the  con- 
clusion that  the  two  have  a  real  and  binding  connection  f  It  may  be 
direct,  it  may  be  indirect  and  secondary  only,  but  it  must  be  real  and 
effective. 

Consider  that  the  period  in  question  is  practically  some  six  thousand 
eight  hundred  days.  A  magnetic  storm  does  not  last  many  hours ;  a 
sun  tJix)t  soon  declines  from  its  greatest  development,  or  soon  passes 
away  from  the  center  of  the  apparent  disk.  Supjwse  we  take  an  out 
side  limit,  and  give  a  period  of  two  days  to  a  giant  spot  to  exercise  its 
influence  or  a  magnetic  storm  to  expend  its  violence ;  what  are  the  i)rob- 
abilities  against  3  out  of  3,4(X)  of  such  periods  of  the  one  phenomenon 
agreeing  with  3  out  of  3,400  of  the  other,  if  they  are  not  related  t  If 
3,400  numbers  were  placed  in  one  box  and  3,400  more  in  a  second,  and 
one  fi^om  each  box  were  drawn  at  a  time,  what  is  the  chance  that  the 
three  highest  numbers  would  be  drawn  from  the  one  box  simultane- 
ously with  the  three  highest  from  the  other,  each  to  each,  if  the  matter 
had  not  been  prearranged  !  Indeed,  we  might  legitimately  call  the 
coincidence  of  April,  1882,  a  double  one,  and  ask  the  odds  against  the 
four  highest  numbers  from  each  box  being  so  drawn. 

Between  sun  spots  and  storms  of  the  second  magnitude  it  is  more 
difficult  to  make  a  satisfactory  comparison,  because  it  is  not  so  easy  to 
frame  a  satisfactory  definition  as  to  what  constitutes  a  secondary  dis- 
turbance. Nevertheless,  the  following  brief  table  of  large  sun  spots 
seen  since  the  beginning  of  1881,  which  were  coincident  with  consider 
al>lc  disturbances,  may  prove  of  interest.  Tlic  si)otted  area  is  given  in 
luilliom  of  square  miles; 
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Date. 


^Spotted  area. 

Entire    t  Lnrgcst 
Hiiu.         group. 


Ig8l— January  31... 

Septemlier  12 
1882-Octol»er  2  . . . 

October  5  — 
1883— Aprils 

April  19 

June  30 

July  11 

July  29 

September  17 

OitolxT  16... 

Oclol)er'2t>... 


1,295 
2,089 
2,480 


686 
917 

1.2:m 


Date. 


2,065 

1,198  1 

1.  546 

607 

2. 170 

670 

3,650 

2,210  1 

1,887 

1,009 

1.425 

1,264 

2,017 

1,263  i 

4,730 

1,73:5  ; 

1,650 

1,369 

Spottefl  ureti. 

Kntire    ;  Largest 
gun.      {    jcroup. 


1883— XoVf.mber  1. . , 

November  19. 
18K4— Marcb2 

April  24 

April30 

1 885-^1  annar J  23  . . 

February  5  . . , 

February  13  . 

May26* 

June  24* 

July  18 

1891— November  22* 


2.100 
3,682 
1,510 
2,348 
1,746 
1,687 
1,345 
1,569 
1,923 
2,348 
1,835 
1,966 


784 
1,600 

609 
1.  ,'>10 

897 

.')71 
480 
647 

1,681 
504 

1,371 


Some  of  the  above,  those  marked  with  an  asterisk,  may  fairly  be 
taken  as  confirming,  thongh  with  less  definiteness,  the  conclusion 
drawn  from  the  correspondences  between  the  greatest  spots  and  the 
greatest  storms.  But  with  tlie  others  it  is  not  so.  Spots  as  impor- 
tant have  been  seen  upon  the  sun,  and  the  magnets  have  scarcely  flut- 
tered, and  storms  as  distinct  have  occurred  when  there  have  been  only 
few  spots,  and  those  but  small,  upon  the  visible  disk  of  the  sun.  The 
tjible  is  important,  therefore,  not  as  adding  to  the  weight  of  the  evi- 
dence in  favor  of  the  connection  between  sun  spots  and  magnetic  dis- 
turbances, but  as  emphasizing  a  i^oint  which  must  not  be  forgotten. 
Though  the  diurnal  and  annual  changes  of  terrestrial  magnetism  con- 
clusively prove  the  solar  influence  upon  it,  though  the  conclusion  be- 
tween the  general  sun-spot  cycle  and  the  general  magnetic  cyle  is 
clearly  established,  though  even  in  minor  irregularities  the  two  curves 
closely  correspond,  and  though  unusually  large  sun  spots  are  an sweretl 
by  unusually  \ioleiit  magnetic  storms,  we  can  not,  as  yet,  proceed  fur-  • 
ther  and  express  the  magnitude  or  character  of  the  magnetic  disturb- 
ances in  terms  of  the  s]>otted  area  of  the  sun  or  of  its  principal  groups 
at  the  time  of  observation.  The  conclusion  to  my  own  mind  seems  to 
be  that  though  sun  spots  are  the  particular  solar  phenomenon  most 
easily  observed,  we  must  not  infer,  therefore,  that  their  number  and 
extent  aflr)rd  the  truest  indication  of  the  cliangcs  in  the  solar  activity 
which  produce  the  perturbations  we  remark  in  our  magnetics  needles. 

Solar  prominences. — Especial  attention  has  been  given  to  the  pho- 
tography of  solar  prominences  by  Prof.  G.  E.  Hale  of  the  Kenwood 
observatory,  Chicago,  and  by  M.  Deslandres  of  the  Paris  observatory. 
Prof.  Hale  suggested  two  plans  for  the  purpose;  the  first  was  to  allow 
the  image  of  the  sun  to  drift  across  the  radial  slit  of  a  powerful  spec- 
troscope, the  driving  clock  of  the  telescope  being  slowed  to  produce  the 
drift.  If  then  there  were  a  prominence  on  the  sun's  limb  the  length  of 
any  bright  line  at  the  focus  of  the  spectroscope  would  define  the  height 
of  the  prominence,  and  as  the  sun  drifted  across  the  slit  this  line  would 
continually  change  in  length.  If  now  the  line  in  use  were  made  to  pass 
through  a  slit  ju  "t  within  the  focus  of  the  observing  telescope  of  the 
spectroscope  call  *d  the  ''second  slit,''  so  as  to  be  in  focus  on  a  plate 
beyond  the  slit,  all  that  is  required  to  photograph  the  prominence  is  to 
move  the  plate  slowly  at  right  angle  to  the  second  slit.  Fresh  portioiLS. 
of  the  plate  are  thus  exposed  to  corres\>ond\i\^  \^ovV\o\\^  oi  \>x^  \>\wssv- 
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iieiice,  aiui  tlic  ]>roiiiiiuMice  imago  is  built  ii[»  from  a  stu*<*e.ssion  of  bright 
Hue  images  of  tbe.  slit.  In  tbe  second  uietbod  projiosed,  tbe  clock  of 
tbe  equat4)rial  is  so  iwljusted  tluit  tbe  image  of  tbe  suu  is  keptiu  a  fixed 
position.  Tbe  i)late  ou  tbe  (»iid  of  tlie  collimator  wbicb  carries  tbe  slit 
is  tbeu  slowly  moved  across  tbe  sun's  limb  at  tbe  x>oiiit  where  the 
l)rominence  is  present,  and  a  second  slit  moving  at  tbe  same  speed 
betbre  a  stationary  i>lati*  excludes  tbe  ligbt  from  tbe  spe(;trum  on  eitlier 
side  of  tbe  line  in  use,  and  reduces  togging  t^  a  minimum. 

In  April,  1891,  Mr.  Hale  secured  tbe  first  pbotograpb  of  tbes)»ectrum 
of  a  prominence  obtained  witbout  an  eclipse.  This  showed  two  very 
strong,  bright  lines  nearly  at  tbe  centers  of  tbe  dark  solar  bands  II  and 
K.  The  same  lines  were  photographed  on  subseqent  occasions,  but  it 
was  not  until  June  23,  that  any  new  lim^s  were  discovered.  On  this 
occasion  four  lines  were  obtained  in  the  ultra-violet — a  number  since 
increased  to  six.  Of  tbese  six,  5  lines  belong,  unmistakably,  t4>  tbe  se 
ries  of  hydrogen  lines  discovered  by  Dr.  Huggins,  in  the  ultni-violet  of 
tbe  spectra  of  Sirian  stars.  The  sixth  line  forms  a  close  double  with 
one  of  these  hydrogen  lines  {a)  but  its  origin  has  not  yet  been  accoont«l 
for. 

Mr.  Hale's  conclusion  that  II  and  K  are  not  due  to  hydrogen,  is  abnod- 
antly  confirmed  by  Prof.  Young  and  also  by  M.  Deslandres,  since  the 
measures  have  shown  beyond  a  doubt  that  the  "companion  line  to  H." 
and  not  H  itself,  is  tbe  one  really  due  to  hydrogen.  Mr.  Hale  and  M. 
Deslandres  ascribe  tbese  two  giant  bands  of  the  solar  spei'trnin  to 
calcium. 

Mr.  Hale  has  also  met  with  considerable  success  in  photographing 
the  forms  of  solar  prominences,  some  of  tbe  photographs  showing  a 
satisfactory  amount  of  detail.  In  one  instance  a  prominence  photo 
graphed  at  Kenwood  was  being  sketched  by  Herr  Feuyi  at  Kaloc^a 
at  tbe  same  moment  of  time,  and  drawing  and  photograph  are  in  close 
accord.  A  suggestion  by  M.  Deslandres  that  it  might  be  possible  to 
photograph  tbe  entire  chromosphere  at  a  single  exposure  has  been 
carried  into  effect  by  Mr.  Hale,  by  means  of  a  "  spectroheliograph," 
in  wbicb  the  slit  of  tbe  spectroscope  is  made  to  travel  across  the  image 
of  tbe  sun,  and  a  precisely  similar  motion,  but  in  an  opposite  direc- 
tion, is  given  to  a  second  slit  nearly  in  tbe  focus  of  the  view  telescope, 
and  so  arranged  that  tbe  K  line  of  tbe  spectrum  of  the  fourth  order 
falls  upon  it.  Since  the  K  line  is  always  bright  in  the  spectrum  of  the 
<'bromo8phere  and  prominences,  it  is  easy,  by  shutting  off  the  image  of 
tbe  sun  by  means  of  a  diaphragm,  to  build  up  a  complete  picture  of 
the  entire  chromosphere  and  prominences,  and  so  to  i)roduce  what 
may  be  described  as  an  '*  artificial  total  solar  eclipse."  The  discovery 
which  Mr.  Hale  has  made  that  the  H  and  K  lines  are  always  reversed 
in  the  facube  has  enabled  him  to  extend  tbe  application  of  this  prin- 
ciple. If  the  diaphragm  covering  tbe  image  of  tbe  sun  be  discarded 
a  photograph  will  be  obtained,  not  merely  of  the  chromosphere  and 
prominences,  but  of  the  iUhc  of  the  sun  itself,  showing  tbe  spots  and 
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the  faciihi*,  tlui  hit  tor  bring  depirtcMl,  not  merely  when  near  the  liiiil) 
of  the  sun,  but  wherever  they  oe.cnr,  even  in  tlie  very  <'enter  of  the 
disc.  In  tliis  manner  it  has  been  di»co\'ere<l  that  facuh^j,  invisible  to 
the  eye  frequently  float  above  the  siK>ts,  and  one  series  of  photographs 
in  particular,  show  how,  on  July  15,  a  luminous  outburst  formed, 
spread,  completely  hid  a  large  group  of  spots,  and  ])ass<»d  away,  all  in 
a  few  minutes  of  time. 

The  double  reversal  of  the  H  and  K  lines  from  facnlae,  a  phenomenon 
shown  upon  photographs  taken  at  Kenwood,  Paris,  and  Stonyhurst,  is 
a  discovery  of  special  interest  as  bearing  upon  the  interjuetation  of  the 
enigmatical  spectium  of  Nora  Aurif/w,  and  Prof.  Hale  has  supplemented 
this  discovery  by  obtaining  a  similar  result  with  an  integrating  spec- 
troscope, the  sun  being  treated  as  a  star  would  be,  its  light  as  a  whole, 
and  not  only  from  special  regi<ms  of  the  disc,  being  subjected  to  exam- 
ination. 

M.  Deslandres  has  been  making  further  experiments  upon  photo- 
graphing the  corona  without  an  eclii>8e.  The  principh*  upon  which  he 
proceeds  is  to  obtain  photographs  of  the  sun  from  light  of  limited 
refrangibility,  not  by  using  colored  media  or  stained  plates,  but  by 
means  of  two  prisms,  the  second  of  which  is  arranged  so  as  to  recom- 
pose  the  light  dispersed  by  the  first.  But  only  certain  rays  from  the 
first  prism  are  allowed  to  fall  on  the  second ;  the  resulting  image  of  the 
sun  is,  therefore,  confined  to  those  rays  which  can  be  selected  at  pleas- 
ure. M.  Deslandres'  purpose  is,  therefore,  to  find  out  for  wiiat  rays 
the  corona  has  the  greatest  brightness  as  compared  with  that  of  the 
sun,  and  to  photograph  the  sun  and  its  surroundings  by  their  aid  ahme. 
{See  Month.  Not.,  52 :  292;  53 :277. ) 

ECLIPSES. 

Eelipne  of  the  moony  1S88,  January  J28. — In  number  23  of  the  Publica- 
tions of  the  Astronomical  Society  of  the  Pacific  is  an  unusually  satis- 
factory drawing  by  Prof.  Weinek,  showing  the  delicate  shades  of  color 
exhibited  by  the  eclipsed  moon. 

Eclipne  of  the  sun^  1889^  January  1. — Prof.  Pritchett's  report  of  the 
Washington  ITniversity  party,  which  was  stationed  at  Norman,  Cal.,  is 
illustrated  by  an  excellent  artotype,  a  composite  rei)roduced  by  hand 
from  four  negatives.  The  evidence  given  by  these  photograi>hs  upon 
the  structure  of  the  corona  is  thus  summarized  "The  marked  stru<*tural 
features  of  the  corona  are  (a)  the  so-called  filaments,  and  (b)  the  stream- 
ers extending  approximately  in  the  direction  of  the  ecliptic.  The  fila- 
ments extend  over  a  region  of  20  degrees  or  more  on  ench  side  of  the 
poles.  They  are  straight  lines  of  light  arranged  somewhat  like  the 
spines  of  a  fan,  and  are  not  radial.  The  dark  s])aces  between  them  are 
not  entirely  free  of  coronal  matter,  but  <*an  be  tra<*e<l  in  some  ca>*es  to 
within  a  short  distance  of  the  sun's  limb.  The  broa<l  and  strongly 
marked  equatorial  belt  stretches  directly  across  this  mass  of  filaments, 
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apimreiitly  ciittiiig  ott'  the  lilaineutis  at  tht.^  8«>uiewliat  irregular  line  of 
separation.  The  inipressiou  conveyed  to  the  eye  is  that  the  equatorial 
stream  of  denser  coronal  matter  extends  across  and  through  the  fila- 
ments, simply  obscuring  them  by  its  greater  brightness.  There  is  noth- 
ing in  the  photographs  to  prove  that  the  filaments  do  not  exist  all  round 
the  sun. 

EcUpHeH  of  1S91  and  189^, — In  the  yeai*  1891  there  were  two  eclipses 
of  the  sun,  an  annular  eclipse  on  June  6,  and  a  partial  eclipse  on  No- 
vember 30-I)ecember  1 ;  and  two  eclipses  of  the  moon,  May  2.S  and 
November  15,  both  total. 

In  1892  there  were  also  four  eclipses,  two  of  the  sun  and  two  of  the 
moon :  a  total  eclipse  of  the  sun  April  26,  and  a  partial  eclipse  of  the 
sun  October  20 ;  a  partial  eclipse  of  the  moon  May  11  and  a  total  eclipse 
November  4. 

Eclipse  of  the  moon^  1891,  May  23. — A  total  eclipse,  visible  throughout 
the  western  part  of  the  Pacific  Ocean,  Australia,  Asia,  Africa,  and 
Eiirope.    No  observations  of  special  importance. 

Eclipse  of  the  ««»,  1891^  June  6, — Visible  as  an  annular  eclipse  only 
in  the  northern  part  of  Siberia  and  the  Arctic  Ocei\n.  A  few  observ- 
ations of  (contacts  were  secured  in  the  western  part  of  the  Unit«i 
States. 

Eclipse  of  the  moon,  1891,  November  15. — The  total  eclipse  of  the  moon 
on  November  15,  1891,  was  visible  generally  throughout  North  and 
Scmth  America,  Europe,  Asia,  and  Africa.  The  whole  of  the  ectipse 
was  visible  in  the  eastern  and  central  parts  of  the  United  States  while 
in  tlie  western  part  the  moon  rose  eclipsed.  Dr.  Dollen  selected  from 
photogmphic  plates  made  at  Potsdam  some  138  stars  to  be  occulted  at 
established  observatories,  but  the  weather  seems  to  have  been  gener- 
ally unfavorable.    A  few  contact  observations  were  secured. 

Eclipse  of  the  sun,  1891,  November  HO. — A  partial  eclipse,  visible  only 
in  the  Antarctic  ocean. 

Eclipse  of  the  sun,  1892,  April  26. — Total  eclipse,  visible  only  in  the 
Southern  Pacific;  no  observations  of  importance  reported. 

Eclipse  of  the  moon,  1892,  May  11. — The  phenomenon  of  the  partial 
eclipse  of  the  moon  on  May  11,  1892,  was  studied  at  Greenwich  and 
elsewhere,  and  the  o<'cultation  of  a  considerable  numl>er  of  small  stars 
was  observed. 

Eclipse  of  the  sun,  1892,  October  20. — Partial  eclipse,  visible  in  Nortb 
America;  a  few  observaticms  of  contacts  reported. 

Eclipse  of  the  moon,  1892,  November  4. — Total  eclipse  visible  gener- 
ally in  Europe  and  America.    No  observations  of  special  importance. 

80LAR  PARALLAX  AND  THE  TRANSITS  OF  VENUS. 

The  United  States  transit  of  Venus  observations. — In  a  report  dated 
September  21,  1891,  the  Superintendent  of  the  United  States  Naval 
Observatory  states  that  no  provision  has  yet  been  made  for  publishing 
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ill  detail  the  work  of  the  Aiueiicaii  parties  npou  the  transit  of  Veuus 
in  1882 — a  fact  greatly  to  be  regretted.  The  publication  of  the  work 
upon  the  1874  transit  is  only  partly  eomi)leted  and  considerable  work 
still  remains  to  be  done  upon  the  redactions  for  1882,  though  results^ 
for  the  solar  parallax  and  certain  elements  of  the  orbit  of  Venus,  which 
are  practically  final,  have  been  published.  Some  occultations  of  stars 
by  the  moon,  telegrapic  determinations  of  differences  of  longitude,  tidal 
observations,  and  pendulum  exx)eriments  still  remain  to  be  reduced,, 
for  which,  however,  no  funds  seem  to  be  available. 

Dr.  Auwers'  result*  for  the  (jerman  heliometer  measures  of  the 
transit  of  Venus  in  1874  is  a  solar  parallax  of  8".877  ±  0''.043,  there 
being  in  all  308  measures  at  four  different  stations;  in  1882  four  sta- 
tions were  occupied  and  446  measures  were  obtained,  the  resulting  par- 
allax being  8".879  ±  0''.037. 

Dr.  Battermann,  of  the  Berlin  Observatory,  has  deduced  a  value  of* 
the  solar  parallax  from  250  occultations  of  stars  between  April,  1884,. 
and  October,  1885,  having  by  careful  observation  been  able  to  utilize 
the  occultations  of  a  considerable  number  of  faint  stars  near  new  moon.. 
The  resulting  solar  parallax  is  8".794±  0".016. 

Tlie  determination  of  the  solar  parallax  by  means  of  meridian  ob- 
servations of  Mars  at  opposition  was  attempted  in  1862,  and  again  in: 
in  1877,  but  the  results  obtained  were  generally  considered  by  astron- 
omers as  too  large,  there  being  indications  of  a  systematic  error  in  the 
observations  of  Mars,  or  of  the  comparison  stars,  or  of  both.  A  slight 
modification  of  the  previous  methods  of  observation  was  suggested  by 
Prof.  Eastman,  and  a  circular  was  issued  by  the  U.  S.  Xaval  Observa- 
tory re^piesting  the  cooperation  of  other  observat-ories  in  the  observa- 
tion of  Mars  during  the  opposition  in  the  summer  of  1802. 

PLANETS. 

Mercury  :  Diameter  of  Mercury. — A  new  determination  of  the  diam- 
eter of  Mercury  has  been  made  by  Mr.  Ambronu  from  heliometer  obser- 
vations at  Gottingen,  the  mean  result  being  6".580,  comparing  favor- 
ably with  the  generally  adopted  value. 

Transit  of  Mercury^  May  .9, 189 J. — A  transit  of  Mercury  over  the  sun's 
disk  took  plac'e  on  May  9,  1891,  the  first  since  November  7, 1881.  The 
observation  of  these  transits  no  longer  i)Ossesses  special  importance,  as 
the  determination  of  the  solar  })arallax,  for  which  they  are  theoretically 
valuable,  can  now  be  made  more  accurately  by  other  means.  Ob- 
servations of  the  contacts  between  the  disks  of  the  sun  an<l  planet  are 
useful  in  determinations  of  tlie  planet's  orbit  and  the  physical  phe- 
nomena are  sometimes  of  interest.    The  transit  on  May  9, 1891,  was  only 
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partially  visible  in  tbe  ruitiHl  Statiss.  On  (he  Paciiir  coast  the  sun  was 
two  or  three  hours  liigh  at  the  tinu*  of  the  first  and  second  eontau-ts;  it 
had  set  in  most  pla<*es  <ni  the  Atlanti<*  coast  before  tlie  lirst  e>ontact, 
and  in  Washinjrton  was  only  ten  minutes  high.  Reports  from  twenty 
live  observ-ers  in  the  United  States  have  been  forwarded  to  the  Naval 
Observatorv  for  reduction.  The  whole  transit  was  visible  in  China, 
Japan,  eastern  Siberia,  and  the  Malaysian  Islands,  wliih*  in  Euji^land 
egress  took  place  soon  after  sunrise.  No  phenomena  of  special  imjwr 
tance  seem  to  have  been  noted.  In  Europe  several  observers  saw  the 
^*bla<?k  drop"  or  ligament.  At  the  Lick  Observatory  a  careful  series  ot 
observations  was  made,  both  visual  and  photr)grai)hic,  and  the  planet 
was  looked  for,  but  without  success,  before  it  entered  upon  the  sun's 
disk. 

For  more  than  an  hour  after  ingi*ess  the  planet  was  also  carefully  ex- 
amined, with  the  30-incli  Lick  telescope,  by  Profs.  Holden  and  Keeler. 
It  "was  perfectly  round,  and  in  the  best  moments  sharply  terminattHi 
-  '  -  .  Not  the  slightest  trace  of  a  satellite  was  seen ;  and  both 
observers  were  confident  that  no  sutrh  bodv  could  then  be  on  the  sun's 
face  and  escai)e  detection  unless  it  were  exceedingly  minute." 

Venits. — The  conclusion  reached  by  Schiaparelli  that  Venus  rotates 
very  slowly  upon  its  axis,  in  fact  in  about  the  same  time  that  it  rotates 
about  the  sun,  has  been  challenged  by  several  observers.  MM.  Niesten 
and  Stuyvaert,  of  the  Brussels  Observatory,  have  given  the  matter 
careful  study,  and  M.  Trouvelot  has  published  a  series  of  observations 
and  sketches  from  1876  to  1S91,  from  which  he  concludes  that  the  rota 
tion  does  not  dilf<»r  greatly  from  twenty-four  hours. 

An  exhaustive  discussion  of  recent  publications  concerning  the 
physical  appearance  of  Venus  is  printed  by  Dr.  Wislicenus  in  the 
Vierteljahrsschriftj  v.  27,  pp.  271-302.  It  is  <|uite  evident  that  further 
accurate  observations  are  necessary. 

The  value  of  the  diameter  of  V^enus,  deduced  by  Dr.  Auwers  from  the 
heliometer  measures  by  the  German  Transit  of  Venus  parties,  in  1874 
and  1882,  is  16".80. 

The  Earth:  Variation  of  terreHtrial  latitude. — One  of  the  most  im- 
portant subjects  tliat  has  been  under  discussion  during  the  past  two 
years — importjint  to  astronomy  and  geodesy  alike — is  the  variation  of 
terrestrial  latitudes,  the  strong  suspicion  of  which  has  been  c^nfirrae<l 
by  recent  very  accurate  observations,  and  when  once  admitted  is 
abundantly  fortified  by  the  discussion  of  older  observations. 

There  seems  to  be  now  distinct  evidence  of  a  rotation  of  the  geo- 
graphical round  the  astronomical  i)ole  in  427  days.  The  problem  ha«  of 
course  attracted  the  attention  of  the  ablest  astronomers  and  mathema- 
ticians,  but  the  credit  for  the  ablest  discussion  and  the  most  satisfactory 
solution  is  undoubtedly  due  to  Mr.  S.  C.  Chandler.  The  following  sum 
mary  of  his  work  is  taken  from  a  review  in  the  Monthly  I^otiees  (v.  53, 
No.  4). 
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Mr.  Chandler's  observations  witli  the  almucaiiUir,  in  1S84  and  I8sr>, 
first  suggested  to  him,  not  only  the  ]K)ssibility  of  a  vanation  in  latitude, 
but  the  law  of  the  variation.  Twelve  months'  observations  were  of 
course  not  suttieieut  to  establish  a  periodicity  of  fourteen  months, 
though  they  might  suggest  it;  c<mfirmation  wa«,  however,  furnished  by 
l^r.  Kiistuer,  who,  in  his  determination  of  the  aberration  from  a  series 
of  observations  coincident  in  time  with  those  of  the  almueantar,  came 
ui)Ou  similar  auonialies.  Furt  her  evidence  bearing  on  the  question  was 
foi-tlicoming  in  the  parallel  determinations  at  Berlin,  Prague,  Potsdam, 
and  Pulkowa;  which  showed  changes  in  apparent  latitude,  not  only 
strikingly  sympathetic  among  themselves,  but  of  the  same  range  and 
periodicity  as  those  noticed  in  1885;  and  Mr.  Chandler  "was  led  to 
make  further  investigations  on  the  subject,  which  seem  to  establish  the 
nature  of  the  law  of  these  changes,  and  proceeded  (1891,  November)  to 
I)resent  them  in  due  order." 

The  consequent  series  of  papers  in  the  Astnmomical  Journal  can 
hardly  fail  to  take  its  place  as  (me  of  the  astronomical  classics.  The 
following  summary  is  miule  purposely  very  brief  because  the  series  is 
not  yet  complete,  and  no  doubt  much  still  remains  to  be  said  on  such 
an  important  subject.  But  it  will  be  seen  that  during  the  year  1892 
(including  perhaps  the  end  of  1891)  a  most  im]>ortant  advance  has 
been  made  in  fundamental  astronomy. 

The  first  paper  (regarding  that  already  nientione<l  as  preliminary) 
deals  with  the  observations  with  the  Pulkowa  vertical  circle  (18(>5- 
1875),  "which  have  been  i)rovocative  of  so  much  incpiiry,  so  far  without 
any  solution  of  the  anomalies  which  they  show  in  regard  to  the  ques- 
tion of  latitude  variation,"  and  the  Washington  prime  vertical  observa- 
tions (1862-1867),  "the  most  accurate  determinations  of  declination 
ever  ma<le  at  the  Naval  Observatory,"  which  yet  "resulted  in  anomalous 
values  of  the  aben*ation  constant  in  the  dift'ereut  years  and  a  negative 
parallax  in  all."  Mr.  Chandler  finds  that  a  427-day  period  in  the  lati- 
tude "  furnishes  the  true  key  to  the  troublesome  discordances  in  the 
Pulkowa  latitudes,"  and  "tra^^es  to  their  origin  the  anomalies  in  the 
Washington  observations."  Further,  the  comparison  of  the  two  series 
lemls  to  the  same  c'onclusion  as  that  already  shown  from  the  simul- 
taneous series  at  Berlin  and  Cambridge  (United  Stat^^s)  in  1885  as  U) 
the  direction  of  the  x)olar  motion.  In  the  next  paper  it  is  mentioned 
that  observations  at  Melbourne  (1863-1884)  and  Leyden  (18(53-1867) 
are  in  complete  accordance  with  those  mside  at  the  same  time  at  Pul- 
kowa and  Washington ;  and  that  the  427-day  period  accounts  for  the 
con tra<lictory  results  obtained  by  Dr.  Van  Hennekeler  at  Leyden.  The 
motion  of  the  earth's  pole  for  the  period  1860-1870  is  thus  fairly  estab- 
lished. The  author  proceeds  to  c(msider  earlier  observations.  In  the 
papers  numbered  3  and  4,  the  systematic  errors  of  Bradley's  observa- 
tions, which  were  reduced  afresh  for  this  purjiose,  are  <liscussed,  pjirticu- 
larlv  the  collimation  error.    It  is  then  concluded  that  the  observations 
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iudicate  a  rotation  of  tlie  pole  in  little  more  than  a  year  and  with  a 
larger  radius  than  that  of  1860-1880,  the  range  being  about  V.  In  the 
same  paper  Mr.  Chandler  states  that  Brinkley's  observations  at  Dub- 
lin (1808-1813  and  1818-1822)  are  found  to  iudicate  a  rotation  in  about 
a  year,  with  range  more  than  1",  **  wherein  lies  the  solution  of  the  hith- 
erto unsolved  enigma  of  Brinkley's  singular  results  which  led  to  the 
spirited  and  almost  acrimonious  dispute  between  Brinkley  and  Pond 
with  regard  to  stellar  parallaxes."  The  details  were  promised  in  a 
later  paper,  but  have  not  yet  been  given,  owing  doubtless  to  the  ne- 
cessity of  attending  to  a  vitally  important  ]K)int  which  will  presently 
appear. 

In  papers  5  and  6  are  presented  the  results  of  an  enormous  mass  of 
reductions  extending  from  1837  to  1891,  made  at  no  fewer  than  seven- 
teen observatories.  The  whole  is  broken  up  into  forty-five  series,  or 
short  groups,  for  the  purposes  of  this  particular  discussion;  and  the 
result  of  this  minute  inquiry,  confirmed  (or  perhaps  suggested)  by  the 
observations  of  Bradley  and  Brinkley  above  mentioned,  seemed  clear, 
viz,  that  the  ''  instantaneous  rate  of  angular  motion  of  the  pole  has 
been  diminishing  during  the  last  half  century  at  a  sensibly  uniform 
rate,  by  its  one-hundred-thousandth  part." 

Mr.  Chandler  was  led  to  modify  this  statement  in  a  remarkahle 
manner  and  within  a  few  weeks. 

Astronomers  had  hesitated  to  accept  the  427-day  period,  even  in  fact 
of  the  very  sti'ong  evidence  of  the  1860-1880  observations,  owing  to  the 
difficulty  in  accounting  for  it  theoretically.  It  had  been  i)oiiited  out  by 
Kuler  that,  treating  the  earth  as  a  rigid  body,  the  period  of  rotation 
of  the  pole  must  be  306  days.  Prof.  Newcomb,  however,  happily 
pointed  out  that  a  qualified  rigidity  (either  actual  viscosity  or  the 
composite*  i'haracter  due  to  the  ocean)  afforded  an  explanation  of  this 
longer  period ;  and  after  this  suggestion  Mr.  Chandler's  427-day 
perio<l  was  well  and  even  warmly  received.  But  the  further  elabom- 
tion  of  this  hypothesis  by  a  changing  period  was  a  new  difficulty. 

Prof.  Newcomb,  who  had  reconciled  the  first  article  of  the  hyiwthesis 
with  theory,  was  not  slow  to  declare  that  the  second  was  irreconcilable. 
Mr.  Chandler's  reply,  in  paper  6,  is  a  model  of  controversial  courtesy 
and  skill.  He  says:  **It  should  first  be  said  that  in  beginning  these 
investigations  I  deliberately  jmt  aside  all  teachings  of  theory,  because 
it  seemed  to  me  high  time  that  the  facets  should  be  examined  by  a 
purely  inductive  process;  that  the  nugatory  results  of  all  attempts  to 
detect  the  existence  of  the  Euleiian  period  probably  arose  from  a 
defect  of  the  theory  itself;  and  that  the  entangled  condition  of  the 
whole  subject  required  that  it  should  be  examined  afresh  by  processes 
unfettered  by  any  preconceived  notions  whatever.  .  .  .  The  ap- 
peal to  observation,  treated  irres})ectivc  of  theory  in  the  present 
series  of  papers,  shows  that  a  rotation  of  the  pole  really  exists,  but 
(a)  at  a  daily  rate  of  but  0'^.8r>  (for  1875),  and  (/>)  that  this  velocity  is 
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subject  to  a  slow  retardation,  which  in  its  turn  is  not  uuiform  •  •  • 
The.  result  (a)  was  at  first  proiiouueed  impossible,  and  it  is  even  now 
so  rejrarded  in  some  quarters.  Prof.  Newcomb,  liowever,  soon  after 
found  the  defect  in  the  theory,  and  is  now  as  <*ordially  in  favor  of  the 
result  <^iven  by  observation  as  he  was  originally  against  it..  •  • 
Xow,  may  it  not  reasonably  be  asked,  if  the  direct  deduction  from 
observation  has  led  to  the  correction  of  the  theory  in  the  tirst  par- 
ticular, is  it  l>ey<nKl  hope  that  it  may  do  so  in  regard  to  the  second!'* 

Such  a  truly  scientific  attitude  inspires  confidence  that  the  search  is 
being  rightly  conducted;  but  the  most  sanguine  could  hardly  be  pre- 
pared for  the  reconciliation  of  observation  and  theory  in  the  verj'  next 
paper  of  the  series,  published  six  weeks  later. 

By  this  time  Mr.  Chandler  ha<l  rearranged  his  material,  and  found, 
not  one  variable  rotation  of  the  pole,  but  two  constant  rotations  (with  a 
qualifi<;ation),  one  in  427  days  and  the  other  in  about  a  year.  The  qual- 
iticatiou  is  that  the  amplitude  of  the  latter  is  apparently  variable,  not 
the  period.  The  superposition  of  these  two  rotations  is  almost  exactly 
ecpiivalent,  for  the  observations  available,  to  the  law  (or  summary-  of 
observation,  as  it  might  fairly  be  called)  previously  announced.  To 
make  clear  the  novelty  of  this  discovery  it  may  be  remarked  that, 
although  fluctuations  in  zenith  distances  of  annual  period  have  long 
been  recognized,  they  have  generally  been  ascribed  to  temperature 
effects,  in  which  case  the  maxiuia  and  minima  for  all  stations  in  the 
Northern  Hemisphere  should  occur  at  the  same  ejx>cb — say,  midsummer 
and  midwinter.  But  this  is  not  the  case  with  the  annual  term  now 
revealed.  The  epoch  changes  with  the  longitude,  showing  that  the 
pole  moves  just  as  in  the  case  of  the  427-day  term. 

It  is  somewhat  remarkable  that  two  formul»3  difl'ering  so  much 
in  form  shoidd  be  found  to  represent  the  observations  almost 
e<iually  well.  Apparently  this  is  to  be  attributed  chiefly  to  the  varia- 
bility in  amplitude  of  the  annual  term,  and  as  yet  this  varicability  has 
not  been  a<*counted  for.  But  to  have  advanced  the  work  to  this  stage 
in  such  a  short  time  is  a  great  achievement,  and  much  may  cx)nfideutly 
be  expected  from  Mr.  Chandler's  future  work.  He  points  out,  in  a 
])aper  dated  January  2, 1893,  that  the  discovery  of  these  periodic  in- 
equalities in  the  latitude  makes  it  necessary  to  go  over  much  old  work 
afresh,  and  is  himself  leading  the  way  with  a  discussion  of  the  aberra* 
tion  constant. 

In  the  same  paper  he  shows  that  the  recent  results  obtained  at  Ber- 
lin, Prague,  Strasburg,  Pulkowa,  Kockville,  and  Honolulu  give  a  ineai* 
correction  to  his  final  formula  of  only  five  days  in  the  epoch;  "and  thf 
Jiccordance  of  the  separate  values  is  high  testimony  to  the  skill  of  the 
observers,  to  whom  astronomers  owe  a  deep  debt  of  gratitude  for  their 
laborious  and  conscientious  work. " 

Standard  time, — In  reviewing  the  recent  progress  made  in  the  intro- 
duction of  uniform  standards  of  time  M.  Pasquier  states  that  in  (Jan- 
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ada  Parliaineut  lias  declared  as  legal  the  uoriiial  hours  from  Green- 
wich adopted  since  1H83  by  railways  and  later  by  a  great  number  of 
towns.  In  England  a  commission  has  reported  favorably  u]>on  the 
system  of  hourly  meridians,  and  the  Government  has  strongly  recom- 
mended it  to  the  colonies.  In  France,  Paris  mean  time  is  used  for  all 
the  country,  including  Algeria.  In  Belgium  a  <'ommission  has  reeoni 
mended  the  hourly  meridian  system,  with  (rreenwicli  as  the  starting 
point.  In  Hx)lland  the  Government  has  authorized  the  atloptiou  of 
Greenwich  time  for  interior  railway  service.  In  Prussia  mean  Euro 
pean  time  (mitteleuropaische  Zeit  or  M.  E.  Z,)  which  is  one  hour  greater 
than  Greenwich  time,  replaced  Berlin  time  from  the  1st  of  June,  1891, 
for  the  railway  service  of  the  interior.  Bavaria,  Wiirtemberg,  and 
Baden  have  also  decided  on  M.  E.  Z.,  which  will  also  be  used  in  Al- 
sace-Lorraine. Austria  and  Hungary  adox>ted  M.  E.  Z.  from  October 
1,  1891,  for  railway,  post,  and  telegraph  service,  and  there  is  a  strong 
feeling  for  its  adoption  in  civil  life.  In  Italy,  at  the  instaDce  of  the 
Academy  of  Sciences  of  Bologna,  which  favors  the  meridian  of  Jeru- 
salem, there  was  a  plan  for  assembling  a  new  congress  at  Borne,  but  this 
however,  seems  to  have  been  abandoned.  There  is  here  as  well  as  in 
Switzerland  a  strong  sentiment  in  favor  of  Greenwich  as  the  standard. 

At  the  Cape  of  GocmI  Ho}>e  the  extension  of  railways  brought  about 
the  adoption  of  a  single-standard  time  throughout  the  colony  in  Feb- 
ruary, 1892.  The  meridian  one  and  onejialf  hours  east  of  Greenwich 
is  in  use  for  all  purposes  in  Cape  Colony  and  the  Orange  Free  Stat«, 
and  all  time  signals  are  given  at  Greenwich  noon. 

81cy  glowH, — The  after- glows  that  attracted  so  much  attention  in  1883 
and  1884  showed  some  signs  of  return,  though  in  lesser  degree,  in  the 
early  part  of  1891.  The  tint  and  general  appearance  are  reported  to 
have  greatly  resembled  the  auroral  displays. 

The  systematic  study  of  these  ''luminous  night  clouds"  has  l)een 
taken  up  by  Prof.  Foerster  and  Herr  Jesse,  of  the  Berlin  observatory. 

The  Moon. — A  valuable  contribution  has  been  made  to  the  study 
of  the  moon  in  '*  An  essay  on  the  distribution  of  the  moon's  heat  and 
its  variation  with  the  phase,"  by  Mr.  F.  W.  Very,  of  the  Allegheny  Ob- 
servatory— a  paper  which  gained  the  prize  proi>osed  in  .luly,  1890,  by 
the  Utrecht  Society  of  Arts  and  Sciences.  Mr.  Very's  investigatioD 
was  made  with  one  of  Langley's  "  bolometers,"  and  the  principal  results 
may  best  be  described  in  the  author's  own  words  : 

First,  that  visible  rays  form  a  much  larger  proportion  of  the  total 
radiation  at  the  full  than  at  the  partial  phases,  the  maximum  for  light 
being  much  more  pronounced  than  that  fo:-  the  heat.  Next,  as  has 
been  forese(^n  from  the  eccentricity  of  the  heat  areas,  their  greater  ex 
tension  toward  the  westerii  limb,  and  the  greater  stei»imess  of  the  suu- 
set  than  of  the  sunrise  gradient,  the  diminution  of  the  heat  from  the 
full  to  the  third  quarter  is  slower  than  its  increase  from  the  tirstqmu'ter 
to  the  tull.  Fuially,  there  »s  a  tail'  agreement  l)etween  these  results  and 
those  of  Lord  Hosse,  which  extends  even  to  some  minor  details,  such 
as  the  attainment  of  the  higjiest  heat  at  little  before  the  fulL 
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111  a  discussion  of  tbe  luoou's  atmosphere  Mr.  Eauyard  expresses 
the  opinion  that  tlie  luoon  can  not  have  an  atmosphere  one  two-thou- 
sandth part  as  dense  a«  that  of  the  earth  at  sea  level.  It  must,  how- 
ever, be  remembered  that,  wen*  our  atmosphere  transferred  to  the 
mo<in,  its  density  would  only  be  one  sixth  what  it  is  on  the  earth. 

Professor  Weinek,  of  Prague,  who  has  been  making  a  special  study 
of  the  Lick  photographs  of  the  moon,  has  detected  several  new  rills 
and  craters  on  the  negatives. 

Mars. — Mars  was  in  opposition  to  the  sun  on  August  .3,  1892,  and 
though  the  planet  was  also  at  this  time  very  favorably  situated  as  re- 
gards its  proximity  to  the  earth,  its  great  southern  declination  was  a 
serious  iD)pediment  to  observation  in  the  northern  hemisphere.  At 
the  Harvard  observatory  station,  Arequipa,Pen!,  the  planet  was,  how- 
ever, almost  in  the  zeiuth,  and  fall  advantage  was  taken  of  this  by  Prof. 
W.  H.  Pickering  and  his  assistants.  Many  of  Schiaparelli's  canals  were 
identified ;  some  were  seen  double,  and  marked  changes  were  detected 
in  progress  in  various  parts  of  the  planet,  especially  in  the  neighborhoml 
of  the  LacuH  soils  or  Terby  sea.  Prof.  Pickering  and  other  observers 
detected  a  number  of  bright  white  spots  besides  the  polar  snow  cap. 

In  an  article  in  the  March  nwmher  of  L^ Astronomies  1891,  Flammarion 
describes  various  changes  in  the  topography  of  Mars,  the  most  striking 
of  which  are  also  in  connection  with  the  Terby  sea.  Drawings  are 
given  of  its  appearance  in  1877,  1879,  1881,  and  189();  briefly,  it  seems 
to  have  undergone  cleavage,  and  while  some  former  "affluent  canals'' 
have  disappeared,  other  new  ones  have  developed.  The  strait  called 
Herschel  ii  has  been  transformed  into  a  straight  double  canal. 

Jupiter  :  Discovery  of  a  fifth  satellite, — The  most  interesting  as- 
tronomical event  of  the  year  1892  was  the  discovery  by  Barnard,  with 
the  36-inch  Lick  equatorial,  on  September  9,  of  a  fifth  satellite  of  the 
planet  Jupiter. 

Following  is  Prof.  Barnard's  own  account  of  his  discovery,  in  describ- 
ing his  search  for  new  objects  in  the  Astronomical  Journal: 

Nothing  of  special  importance  was  encountered  until  the  night  of 
September  9,  when,  in  carefully  examining  the  immediate  region  of  the 
planet  Jupiter,  1  detected  an  exceedingly  small  star  close  to  the  planet 
and  near  the  third  satellite.  1  at  once  measured  the  distance  and  po- 
sition angle  with  reference  to  satellite  in.  I  then  tried  to  get  meas- 
ures referred  to  Jupiter,  but  found  that  one  of  the  wires  had  got  broken, 
and  the  other  loosened.  Before  anything  further  could  be  done  the 
obje<;t  disappeared  in  th(»  glare  about  Jupiter.  Though  I  was  positive 
the  object  was  a  new  satellite,  I  had  only  the  one  set  of  measures,  which 
was  hardly  xiroof  enough  for  announcement. 

I  replaced  the  wires  the  next  morning.  The  next  night  with  the 
great  telescope,  being  Prof.  Schaeberle's,  he  very  kindly  gave  the  in- 
strument up  to  me,  and  I  hjul  the  pleasure  of  verifying  the  discovery, 
and  secured  a  good  set  of  measures  at  elongation. 

Just  w  hat  the  magnitude  of  the  satellite'  is  it  is  at  present  quite  im- 
jKissible  to  tell.   Taking  into  consideration  its  i)osition,  however,  in  the 
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glare  of  Jupiter,  it  would  perhaps  uot  be  fainter  than  tlie  thirteenth 
magnitude. 

The  satellite  has  been  seen  and  its  position  observed  at  the  University 
of  Virginia,  at  Princeton,  at  Ealing,  and  at  Evanston;  the  18J  inch  re- 
fractor at  Evanstou  being  apparently  the  smallest  instrument  with 
which  it  has  thus  far  been  seen,  and  it  was  then  reported  as  being  a 
nuich  more  difficult  object  than  Ariel  or  ITmbriel,  the  satellites  of 
Uranus,  though  Mr.  Reed  with  the  23-inch  Princeton  glass  found  it 
an  easier  object  than  Ariel. 

The  new  satellite's  orbit  seems  to  lie  sensibly  in  the  plane  of  •Fupitei'^s 
equator;  the  disUmce  of  the  satellite  from  the  center  of  the  planet  is 
probably  over  lli),(MK)  miles  and  its  period  of  rotation  alwut  11**57"'  37*. 

Diameter  of  Jupiter. — An  admirable  series  of  measures  of  the  diam- 
eter of  Jupiter,  by  Dr.  Schur,  with  the  (Kittingen  heliometer,  is  pub- 
lished in  No.  3073  of  the  Afttronomische  N'ochricht'Cn.  The  effect  of  i>er- 
soual  equation  wa*>  eliminated  by  the  use  of  a  reversion  prism  eye- 
piece. Dr.  Schur  iinds  the  disk  a  sensibly  true  ellipse  with  diameters 
37".4  and  35".0,  a  flattening  of  1-15^. 

Mr.  Burnham  coumiunicated  to  the  November  meeting  of  the  Koyal 
Astronomical  Society,  in  1891,  a  paper  on  the  spots  and  markings  of 
Jupiter  as  observed  with  the  12-inch  equatorial  of  the  Lick  Observatory. 
Noting  the  decided  changes  of  color  in  the  different  markings  on  the 
planet's  surface,  he  expresses  the  opinion  that  the  red  color  is  an  indi 
cation  of  age,  or,  in  other  words,  when  a  spot  or  marking  other  than  the 
white  spots  tirst  appears  it  is  dark  or  bhick,  but  after  some  time  turns  red. 
During  the  year  1891  the  planet  was  extremely  interesting,  owing  to  the 
remarkable  amount  and  variety  of  detail  displayed  on  its  surface.    Tho 
two  hemispheres  were,  as  usual,  strongly  in  contrast  in  their  individaal 
markings.    In  the  southern  hemisphere,  besides  the  great  red  s))ot, 
new  spot«  appeared,  and  a  great  number  of  round  white  spots  were  visi 
ble.     These  white  spots  are  quite  characteristic*  of  the  southern  hemis- 
phere, though  individual  white  spots  have  at  rare  intervals  been  seen 
in  the  northern  hemisphere.    In  the  latter  a  system  of  small  dark  siwts 
appeared,  with  very  short  periods  of  rotation.    Mr.  Burnham  reports 
that  the  great  red  spot  had  regained  much  of  its  former  distinctness, 
both  in  color  and  form. 

Saturn. — On  September  22,  1891,  the  earth  passed  through  the 
plane  of  Saturn's  rings.  From  the  22d  of  the  month  to  October  30  tlie 
eartli  was  above  the  plane  of  the  rings,  while  the  Sim  was  below  that 
plane  and,  consequently,  shining  on  the  southern  side  of  the  rings. 
After  October  30  the  sun  was  again  shining  on  the  north  side.  The 
phenomenon  of  the  disappearance  of  the  rings  was  described  by  sev- 
eral observers. 

Ukani'S. — A  search  for  new  satellites  made  by  several  observers  at 
the  Lick  Observatory  from  18S9  to  ISDl  has  resulted  negatively.    The 
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observers  were  siitistied  ''that  no  new  satellite  half  as  bright  as  xiriel  at 
elongation  exists  within  the  orbit  of  llmbrieL  It  is  not  likely  that  any 
such  object  exists  within  the  orbit  of  Titania.^' 

Neptune. — Mr.  Asapli  Hall,  jr.,  finds  that  observations  of  the  satel- 
lite with  the  26-inch  Wa.iliington  refractor  from  October,  1891,  to 
March,  1892,  confirm  the  reality  of  the  slow  motion,  nearly  proportional 
to  the  time,  of  the  orbit  plane  of  the  satellite  with  respect  to  the  orbit 
of  Nei)tune,  to  which  Mr.  Marth  called  attention  and  which  M.  Tisse- 
rand  shows  may  result  from  a  slight  flattening  of  the  planet. 

MINOR  PLANETS. 

Asteroids  of  1891. — Of  the  asteroids  announced  in  the  last  report, 
No.  286  has  been  named  Idea,  296  Phaetusa,  297  Caecilia,  298  Bap- 
tistina,  299  Thora,  300  Geraldina,  301  Bavaria.  An  asteroid,  discov- 
ered on  November  14, 1890,  by  Charlois,  at  Nice,  and  subsequently  found 
to  be  a  new  one,  has  been  named  Clarissa.  To  No.  323,  photographed 
by  Dr.  Wolf  November  28  (the  first  asteroid  discovered  by  photography), 
he  has  given  the  name  Brucia,  in  honor  of  Miss  Catherine  W.  Bruce, 
who  has  contributed  so  generously  for  the  advancement  of  astronomy. 

In  1891  twenty-two  new  asteroids  were  added  to  the  group  revolving 
between  Mars  and  Jupiter,  and  photography  now  having  become  a 
ix)werful  aid  in  the  detection  of  these  small  bodies,  the  number  still 
likely  to  be  found  seems  almost  limitless.  The  last  on  the  list  for  1891, 
No.  323,  was  discovered  by  Dr.  Wolf  upon  his  photographic  plates. 
Another  asteroid  was,  in  fact,  found  upon  the  same  plate,  but  it  proved 
to  be  identical  with  275  (Sapientia). 

Palisa,  on  August  14, 1891,  discovered  what  was  for  a  time  supposed 
to  be  a  new  planet,  but  it  was  found  to  be  identical  with  149,  Medusa, 
discovered  in  1875;  275,  which  had  not  been  seen  since  the  opposition  of 
its  discovery  (1888),  has  been  found  again  by  the  aid  of  photography; 
318  is  interesting  from  the  almost  exact  commensurability  of  its  pe- 
riod with  that  of  Jupiter. 

No.  302,  Clarissa  (discovered  November  14, 1890),  was  not  included  in 
the  last  list  published,  and  is,  therefore,  introduced  here  to  make  the 
lists  complete. 

List  of  minor  planeiti  of  1S9I. 


Num- 
ber. 


302     ClarUna 


Name. 


303 
304 

3«»r» 

306 
307 
308 
309 


Jcwophina 

Olga 

Gortlunia 

Unitas 

Nike 

I  Polyxo , 

(  Fraternitas 

n.  Mis.  Ill- 


DiKcover«r. 


Charlois  at  Nice 

MilliMcvich,  at  liome. 

Palisn,  at  Vienna 

CliarloiH,  at  Nice 

Millosevich,  at  Rome 

Charlois,  at  Nice 

Borellj,  at  Marseilles 
Palisa,  at  Vicmia. . . . , 


Bate  of 

din- 
covery. 


4a 


1890. 
Nov.  14. 

1891. 
Feb.  12 
Feb.  U 
Feb.  16 
Mar.  1 
Mar.  5 
Mar.  31 
Apr.    Cu 
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JAnt  of  minor  planets  of  ISfU — CoutiiiucMl. 


lur. 


Name. 


Discoverer. 


310 
311 

am 

31 1 
31'. 
310 
317 
318 
319 
320 
321 
322 
323 


Margarita Charloin,  at  Nice  . 

Claudia do 

PierroUa do 

Chaldaca Palisa.  at  Vienna 

Charlois,  at  Nice 

Cuii»taiitia Palisa,  at  Vienna. 

Charloia,  at  Nice 

Uoxanf! do 

' do 

! do 

Katliarina '  Palisa,  at  Vienna. 

do 
Phaeo 
firncia 


Borelly,  at  Marseillus. 
TVolf,  at  Heidellx^rg , . . 


Dat(^  of 

di8- 
corery. 

1890. 
Ma,v  16 
Jane  11 
Aug.  28 
Aug.  34 
Sept  1 
Sept.  4 
Sept.  8 
Sept.  11 
Sept.  24 
Oct.  8 
Oct.  11 
Oci.  15 
Nov.  27 
Nov.  28 


Asteroids  of  1892, — The  further  aud  very  successful  application  of 
photography  to  the  discovery  of  asteroids  by  Dr.  Wolf,  at  Heidelberg, 
and  by  M.  Charlois,  at  Nice,  resulted  in  such  rapid  additions  to  the  Hst 
that  the  notation  of  these  bodies  was  thrown  into  the  utmost  con- 
fusion. Hitherto  the  simple  numbering  in  the  order  of  discovery  had 
been  a  rule  easily  applied  by  the  discoverer,  but  where  several  aster 
oids  were  found  upon  a  single  photographic  plate  it  was  not  always 
possible  to  determine  until  lat-er  observations  and  computations  whether 
they  were  really  new  asteroids  or  not,  and  when  the  planetary  char- 
acter of  the  object  was  recognized  it  was  frequently  found  imprinted 
upon  some  earlier  photograph. 

It  was  accordingly  suggested,  in  No.  20G  of  the  Astrofwmieal  Jour- 
nal, that  as  a  temporary  omission  of  the  number  is  attended  with  less 
inconvenience  than  is  caused  by  the  employment  of  an  erroneous  one, 
the  numbers  for  the  asteroids  after  number  322  should  be  omitted 
until  the  difficult  task  of  fixing  a  definite  enumeration  should  be 
delegated  by  common  consent  to  some  one  authority  to  which  all  conld 
defer. 

Common  consent  seemed  to  point  to  the  Berlin  Kechen-Institut «« 
the  only  place  actually  in  possession  of  the  needful  resources  for 
solving  the  questions  of  identity  continually  arising,  and  it  was  agreed 
that  to  avoid  further  confusion  Piof.  Krueger,  director  of  the  Kiel 
observatory,  the  European  ^'Central-Stelle,"  and  editor  of  the  Astro- 
nomisehe  Naehrichten,  should  assign  to  each  asteroid  a  i>ro visional 
notation  ( 1892  A,  181)2  B,  181)2  C,  etc.)  in  the  order  of  its  announce 
ment  to  the  "Telegraphische  Central-St-elle;''  and  that  the  definitive 
numeration  should  be  subsequently  undertaken  by  Prof.  Tietjen, 
director  of  the  Rechen-Institut,  in  Berlin.  In  this  definitive  assign 
ment  of  numbers  those  asteroids  will  be  omitted,  for  which  sufficient 
material  is  not  available  for  a  determination  of  the  orbits. 
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The  first  asteroid  to  which  the  new  notation  was  assigned  was  that 
discovered  by  Wolf,  at  Ileidelberg,  on  August  22,  1892;  it  was  pro- 
visionally known  as  1892  A,  and  subsequently  re<?eived  its  more  per- 
manent designation,  number  333,  from  Prof.  Tietjen,  and  its  name, 
Badenia,  from  the  discover. 

In  1892  thirty  new  asteroids  were  announced;  one  of  these,  1892  B, 
has  already  proved  to  be  identical  with  Erigone,  163;  and  it  is  possible 
that  further  study  will  identify  some  of  the  others. 

Some  slight  discrepancies  are  still  found  in  the  different  lists  of  as- 
teroids for  the  year,  but  as  the  new  system  of  notation  becomes  estab- 
lished they  will  probably  disappear. 

In  the  following  list  all  the  discoveries  were  by  photography  except 
324,  326, 327,  and  331.  In  the  case  of  the  photograi)hic  discoveries  the 
date  given  is  that  of  the  earliest  photograph  on  which  the  planet  ap- 
pears. It  was  in  many  cases  not  noticed  on  the  plate  till  considerably 
later,  which  accounts  for  the  departures  from  chronological  order  in  the 
**  date  of  discovery  ^ : 

List  of  minor  planets  of  1802, 


Letter. 


1892  A 
1892  B 
1892  C 
1892  D 
1892  K 
1892  F 
1892  (r 
1B92  M 
1892  J 
1802  K 
1802  L 
1892  m' 
1802  y 
ISSrl  O 
1892  P 
1892  Q 
1892  R 
1892  S 
1R92  T 
1892  V 
\SOrZ   V 


iNnm- 
lier.  ; 


324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
163 
335 
336 
337 
338 
339 
340 
341 
342 
334 


Name. 


Diacoverer. 


Palisa,  at  YieaDa  . . . 
I 
Heidelberga •  Wolf,  at  Heiclellierg 

Tamara Palisa,  at  Vienna  . . . 

Columbia ;  Charlois,  at  Ni<'o  . . . 

(fiiclrun  f  Wolf,  at  Heidelberg 

Svea I do 

Ilmatar do 

(!harloin,  at  Nice 

Sin 

Badenia 

Erigone 

Roberta 


Wolf,  at  Heidcn>crg . 

do 

do 

Statia,  at  Heidelberg . 
Charlois,  at  Nice  — 
do 


do 


I 


Dorothea {  Wolf,  at  Heidelberg 

do 


do 
do 
do 


344    1  Charlois,  at  NiiN-  ... 

343    Wolf,  at  Heidelberg 

I Churlois,  at  Nice  . . . 

j do 

I do 

do 

I do 

do 

do 

: ,  Wolf,  at  Heidelberg 


Date  of 

dis- 
covery. 


Feb.  25 
Mar.  4 
Mar.  19 
Mar.  22 
Mar.  18 
Mar.  21 
Mar.  19 
Apr.  1 
Mar.  19 
Aug.  22 
Sept.  1 
Sept.  1 
Sept.  19 
Sept.  22 
Sept.  25 
Sept.  25 
Sept.  25 
Sept.  25 
Oct.  17 
Aug.  23 
Nov.  16 
Nov.  15 
Nov  23 
Nov.  25 
Nov.  28 
Nov.  28 
Dec.  8 
Dec.  9 
Dec.  14 
Dec.   16 
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OBSERVATORIES. 

The  chief  sources  of  information  concerning  the  recent  work  of  as 
tronomical  observatories  are  the  Vierteljahrsschrift  der  Astronomischen 
Gesell^chaft,  for  continental  and  a  few  American  observatories,  and  the 
Monthly  Notices  for  English  observatories;  in  addition  to  these  are  the 
reports  of  the  observatories  themselves — though  few  publish  independ- 
ent annual  reports — and  notes  in  current  journals,  chiefly  the  Observa- 
tory and  the  Sidereal  Messenger. 

In  the  following  r^sum6  the  length  of  the  notes  is  by  no  means  always 
in  proportion  to  the  importance  of  the  institution.  The  character  of 
the  work  of  the  older  observatories  is  generally  too  well  known  to 
leqniremore  than  the  briefest  mention,  while  for  the  new  observa- 
tories an  efibrt  is  made  to  put  on  re(?ord  as  much  information  with  re 
gard  to  the  equipment,  etc.,  as  can  be  found.  In  most  instances  it 
has  not  seemed  necessary  to  distinguish  between  the  two  years  covered 
by  the  review. 

Among  papers  of  interest  on  observatories  is  a  series  of  not^s  on 
visits  to  some  American  observatories  made  by  Mr.  H.  F.  Newall,  of 
the  Cambridge  Observatory,  England,  and  published  in  the  Observatory. 

Abastuman. — A  new  mountain  observatory  has  been  established 
at  Abastuman  (2»»  51™  25»  E,  -f  41°  42'.4).  It  is  4,5()0  feet  above  sea 
level  and  is  equipped  with  a  9-inch  telescope  by  Repsold. 

Adelaide:  Todd. — Reobservation  of  Weisse  stars;  observations  of 
Jupiter;  weather  service. 

Alabama  University. — An  astronomical  observatory  atta<*hed  to 
the  University  of  Alabama,  near  Tuscaloosa,  was  completed  in  the  sum- 
mer of  1844.  The  building  was  originally  54  feet  in  length  by  22  in 
breadth  in  the  center.  In  1858  another  apartment,  40  feet  in  length  by 
20  in  width,  was  added  to  the  east  wing.  The  instruments  consist  of 
a  4-inch  transit  circle  of  5-feet  focus  by  Simms,  the  circle  being  3  feet 
in  diameter,  divided  to  five  minutes,  and  read  by  four  microscoiies  to 
single  seconds;  a  clock  by  Molyneaux;  an  equatorial,  also  by  Simms, of 
8  inches  aperture  and  12  feet  focus,  provided  with  a  filar  micrometer 
and  double  image  micrometer,  the  hour  circle  being  divided  to  one 
second  of  time  and  the  declination  circle  to  five  seconds  of  arc,  read  by 
opposite  verniers.  As  an  accessory  to  the  equatorial  there  is  an  excel- 
lent clock  by  Dent.  There  are  also  two  portable  achromatic  tele 
scopes — one  by  DoUand  of  7  feet  focal  length  and  4  inches  aperture, 
the  other  by  Simms  of  5  feet  focal  length  and  3  inches  aperture— and 
reflecting  circle  by  Trougliton,  of  10  inches  aperture,  read  by  three 
verniers  to  twenty  seconds. 

The  observatory  was  built  and  the  instruments  purcliased  and 
mounted  under  the  supervision  of  Prof.  F.  A.  P.  Barnard.  A  woodcut 
of  the  building  is  given  in  number  15  of  the  publications  of  the  Astro- 
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nomical  Society  of  the  Pacific,  taken  from  the  report  of  the  United 
States  ( 'oniinissioner  of  Education  for  1889. 

Allegheny:  Keehn\ — At  a  meeting  of  the  board  of  trustees  of  tlie 
Western  University  of  Pennsylvania  on  May  11,  1891,  J.  P].  Keeler,  of 
tbe  Lick  Observatory,  was  elected  professor  of  astrophysics  in  the 
university  and  director  of  the  Allegheny  Observatory,  Mr.  F.  W .  Very 
being  associated  with  him  as  adjunct  professor  of  astronomy. 

Through  the  generosity  of  Mrs.  William  Thaw  the  observatory  has 
been  provided  with  a  very  i)owerful  spectroscope  by  Brashear^  a  new 
dri\ing  clock  was  presented  by  Mr.  William  Thaw,  jr. 

Armagh:  Dreyer. — Micrometric  measures  of  nebulae;  physical  ob- 
servations of  Jupiter. 

Athens:  Eginitia, — The  National  Astronomical  and  Meteorological 
Observatory  at  Athens  has  been  reorganized  under  the  directorship  of 
Prof.  Eginitis. 

Bamberg  :  Hartwig. — The  large  heliometer  of  184  millimeters  aper- 
ture has  been  brought  into  regular  use.  Observations  of  variable  stars 
and  of  a  few  occultations  have  been  made,  besides  observations  for  the 
determination  of  change  of  latitude. 

Basel:  Rlggenbach. — Instruction  of  students. 

Berlin  :  Foerster, — Transit  circle  observations,  measures  of  double 
stars,  etc. 

Bebmebsibe  (Halifax):  Crosnley, — Measurement  of  double  stars; 
observation  of  the  phenomena  of  Jupiter's  and  Saturn's  satellites.  Me- 
teorological observations. 

Bit>ston  :  See  Liverpool. 

Bibb  Castle:  Uarlo/Kosse. — Observations  for  lunar  heat.  Mete- 
orology. 

Bonn:  Kmtner, — Prof.  Deichmiiller  was  succeeded  as  director  on 
October  1,  1891,  by  Dr.  Kiisther.  Observation  of  the  zone  -f40o  to 
+  50O  was  completed. 

Boston  Univebsity. — A  small  observatory  has  been  erected  for 
purposes  of  instruction.  Lat.  +42^  21'  32".5;  long.  4''  44'"  15"  west  of 
Greenwich.  The  chief  instrument  is  an  equatorial  of  7  inches  aperture 
and-8  feet  1  inch  focus,  objec^ti  ve  by  Clacey  and  mounting  by  Sacginuller. 

Beeslau:  Galle, — Time  service  and  meteorological  observations. 
The  one  hundredth  anniversary  of  the  observatory  was  celebrated  in 
1891. 

Bbussels:  Folie. — Cloudy  weather,  an  insuihcient  personnel,  and 
the  disturbance  incident  to  the  removal  of  the  observatory  to  Uccle 
greatly  interfered  with  the  work  of  1890.  M.  Niesten  has  continued  his 
observations  on  the  i)hysical  aspect  of  Mercury,  Venus,  Mars,  and 
Jupiter,  with  the  38-centimeter  (15  inches)  equatorial.  Since  the  death 
of  M.  Fievez  the  spectroscope  has  been  in  charge  of  M.  Sp^e. 

Budapest:  Konkoly, — The  new  observatory  of  the  lioyal  Meteoro- 
logical Keichsanstalt  consists  of  a  transit  room  6^  meters  (21  feet)  by 
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4  meters  (13  feet)  and  a  room  for  the  refractor  with  a  dome  4J  meters 
(16  feet)  in  diameter.  The  instrumental  equipment  is  very  meager, 
consisting  chiefly  of  a  4J-inch  telescope,  a  transit,  clock,  chronometer, 
chronograph,  electrical  and  other  subsidiary  apparatus.  The  director 
reports  but  little  astronomical  work  a<KK)mplished. . 

Cambridge  (England):  Ball. — Prof.  Adams  has  been  succeeded  as 
director  by  Sir  Kobert  Ball.  Considerable  progress  has  been  made 
upon  the  zone  work.  The  25-inch  Kewall  refractor  has  been  used  for 
physical  observations  of  planets  and  photography  of  stellar  spectra. 
A  spectroscope  has  been  provided  from  "  the  Bruce  fund." 

C Apjp  OF  Good  Hope  :  OilL — Transit  circle  observations  of  the  sun, 
Mercury,  Venus,  and  of  stars  for  a  new  ten-year  catalogue,  stars  oc- 
culted by  the  moon,  stars  employed  for  latitude  determinations,  etc.; 
with  the  heliometer,  measures  for  stellar  parallax  and  me^isures  of  Jupi- 
ter's satellites  have  been  made,  and  with  the  zenith  telescope,  after 
its  renovation,  observations  for  an  investigation  of  the  constant  of 
aberration.  The  photographic  work  has  consisted  of  miscellaneous 
photographs  of  stars  and  planets,  in  addition  to  regular  astrophoto- 
grai)hic  charting. 

The  catalogue  of  the  Southern  Photographic  Durchmusterung  ha* 
been  made  ready  for  the  press. 

Carleton:  /SVe  Goodsell. 

Chamberlin:  Howe — The  building  has  been  completed  at  a  cost  of 
$25,000. 

Chicago — See  Kenwood,  Yerkes. 

Columbia  (Missouri);  ^jpcfc^ra^— The  observatory  of  the  University 
of  Missouri  (lat.  +  38o  56'  50"  ;  long.  1^  1""  6».4  west  of  Washiugtou) 
was  first  built  in  1853,  and>then  consisted  of  a  small  wooden  structure 
in  which  were  mounted  a  4-inch  Fitz  equatorial,  a  2jV-iuch  transit  by 
Brunner,  a  sidereal  clock,  and  other  smaller  instruments.  It  was  used 
for  the  purpose  of  instructing  students  in  astronomy,  and  tew  changes 
or  additions  were  made  till  1880,  when  a  7^-inch  equatorial  by  Merz  & 
Mahler  was  bought.  The  building  wa.s  then  removed  to  another  part 
of  the  college  grounds  and  enlarged  by  the  erection  of  a  brick  tower, 
with  a  dome,  for  the  newly  acquired  telescope.  Soon  aft^er  a  sidereal 
clock,  a  chronograph,  and  spectroscope,  all  by  Fauth  &  Co.,  were  pur- 
chased. A  2-inch  altazimuth,  by  Blunt,  of  New  York,  had  been  bought 
some  years  before.  The  director  at  that  time  wa«  Prof.  Joseph  Fid- 
lin,  who  died  in  September,  188(5. 

Prof.  Milton  Updegraff  was  appointed  director  in  July,  1890,  and 
while  much  of  his  time  is  taken  up  in  teaching  classes  in  astronomy 
and  mathematics,  he  has  done  excellent  work  in  the  o*bservation  of 
planets  and  comets,  besides  a  redetermination  of  latitude  and  lougi- 
tude,  the  latter  by  telegraphic  connection  with  the  observatory  of 
Washington  University,  St.  Louis.  The  observatory  building  has  been 
enlarged  by  the  addition  of  an  office  room  and  a  library. 
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Copenhagen:  Nielsen, — M.  Victor  Nielsen  at  his  private  observii- 
tory  has  a  7^  inch  refractor  by  Reinfelder  and  Hertel,  the  objective  of 
Jena  glass.    The  work  has  been  chiefly  upon  the  moon. 

Crowborouoh  Hill:  Roberts. — Mr.  Isaac  Roberts' new  observatory 
is  one  of  the  highest  points  in  the  south  of  England,  780  feet  above 
sea  level.  The  hemispherical  dome  has  two  slits  to  effect  thorough  ven- 
tilation. Photographs  of  stjirs,  planets,  nebulae,  and  clusters.  A  pho- 
tographic search  has  been  made  for  a  trans-Neptunian  planet. 

Dakota  Agricultural  College  (Brookings,  Dakota.)— Founded 
in  1891 ;  equipment, 6-inch  equatorial, 2inch  transit, clock  and  chrono- 
graph. 

Denver. — See  Chamberlin. 

Dbesden  :  Dr.  B.  von  Engelhardt. — Observations  of  comets,  nebulie 
and  asteroids,  and  micrometric  measures  of  Bradley  stars. 

Dudley:  Boss. — Miss  Catlierine  Wolfe  Bruce,  of  New  York  city, 
who  is  already  known  for  her  munificent  gifts  in  aid  of  astronomy,  has 
given  $25,000  to  the  Dudley  Observatory  for  the  increase  of  its  perma- 
nent endowment.  From  yarious  sources  the  additional  sum  of  $31,700 
has  been  secured  to  defray  the  cost  of  rebuilding  the  observatory  on  a 
new  site  and  of  furnishing  it  with  a  new  equatorial  of  1 2  inclies  aperture,  to- 
gether with  other  improvements  in  its  equipment.  The  cost  of  the 
telescope  is  provided  for  by  Robert  C.  and  Charles  L.  Fruyn;  it  is  to 
be  of  the  most  approved  modern  construction.  The  cost  of  re-estab- 
lishing the  Olcott  meridian  circle  (8  inches  aperture),  constructed 
by  Pistor  and  Martins,  of  Berlin,  in  1858,  together  with  a  collimating 
meridian  mark  and  other  improvements,  is  also  provided  for.  The 
old  sitei  is  very  unfavorable  to  astronomical  observation,  owing  to  its 
proximity  to  the  four  tracks  of  the  New  York  Central  Railroad,  which 
with  a  very  heavy  traffic,  group  around  the  base  of  Observatory  Hill 
at  a  distance  of  about  150  yards  from  the  instruments.  The  new  site  is 
about  2  miles  southwest  of  the  present  location  upon  a  plot  of  about  6 
acres.  • 

DUNSINK :  Rambatit. — On  February  20, 1892,  Sir  Robert  Ball  was  ap- 
pointed  to  succeed  Prof.  Adams  at  Cambridge,  and  the  vacancy  in  the 
'directorship  of  the  Dunsiiik  Observatory  was  filled  October  22  by  the 
appointment  of  Dr.  A.  A.  Rambaut.  Dr.  Rambaut's  assistant  is  Mr. 
A.  E.  Lyster.  The  15-inch  reflector  has  been  used  for  stellar  photog- 
raphy, principally  for  determinations  of  stellar  parallax. 

DussELDORF:  Liither. — Observations  of  asteroids  and  computation 
of  ephemerides.  The  passage  of  railroad  trains  at  a  distance  of  320 
meters  from  the  observatory  has  not  seriously  interfered  witli  the  ob- 
servations. 

Ealing  :  Common. — An  excellent  5-foot  mirror  and  a  new  grating 
spectroscope  have  been  made  for  the  great  telescope.  Photographs 
of  nebulae  and  of  the  moon  have  been  taken. 

Edinburgh  :  Copeland. — The  reduction  of  the  meridian  observations 
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of  nebulae  has  been  undertaken  and  some  further  observations  have 
been  made  at  Dunecht,  but  little  observing  has  been  done  pending  the 
comi)letion  of  the  new  buildings.  The  main  building  of  the  new  ob- 
servatory is  to  bo  180  feet  from  east  to  west,  terminating  in  two  towers 
surmounted  by  domes,  or  rather  "drums."  The  eastern  tower,  rising 
to  a  height  of  75  feet,  will  contain  the  15-inch  Grubb  refractor,  while 
the  24-ineh  reflector  from  the  old  site  at  Calton  Hill  will  be  mounted 
in  the  western  dome.  A  single  range  of  rooms,  opening  on  a  corridor 
on  the  south,  extends  from  tower  to  tower.  The  roof  is  designed  as 
an  asphalted  platform,  affording  free  communication  between  the 
towers.  Beginning  at  the  west  there  are  a  spectroscope  room,  general 
laboratory,  electrical  room,  cleaning  room,  mechanic's  workshop,  chrono- 
graph and  class  room.  Light  and  dark  photographic  rooms,  as  well 
as  a  computing  room  for  the  equatorial  and  photographic  work,  are  in 
the  eastern  tower.  A  central  extension  of  the  building  toward  the 
south,  80  feet  by  26  feet,  will  contain  the  chief  computing  room,  hall- 
way, etc.,  director's  room,  and  fire-proof  library — 34  feet  by  23  feet, 
with  a  light  iron  gfJllery  affording  access  to  the  upper  shelves.  An  up- 
per story  to  the  southern  part  of  this  portion  of  the  building,  66  feet 
in  length,  is  designed  for  optical  work.  In  the  basement  will  be  placed 
the  heating  apparatus,  a  dynamo,  and  accumulators  for  supplying  elec- 
tricity for  lighting  the  observatory  and  illuminating  the  instruments. 
In  the  observatory  there  will  thus  be  but  one  chimney. 

The  transit  circle  will  be  in  a  separate  building,  with  light  walls  and 
roof  of  corrugated  iron,  80  feet  west  of  the  western  tower,  accessible  by 
a  covered  way.  The  remaining  buildings  are  the  astronomer's  house, 
two  assistants'  houses,  and  a  gate  lodge. 

Geneva:  Gautier. — Col.  Emile  Gautier  died  on  February  24, 1891, 
and  was  succeeded  in  the  directorship  by  his  son,  R.  Gautier.  The 
principal  work  of  the  observatory  is  the  testing  of  watches  and  chro- 
nometers, and  meteorological  observations.  A  number  of  observations 
of  comets  have  also  been  made. 

Glasgow. — Meridian  circle  observations. 

GoTTiNGEN :  Schur. — Observations  of  asteroids,  comets,  and  Pnesepe, 
and  measures  for  stellar  parallax;  regular  meridian  observations,  and' 
physical  observations  of  the  moon,  Jupiter,  Saturn  and  Uranus. 

Goodsell:  Payne. — The  observatory  of  Carleton  College  received  a 
new  name,  in  honor  of  Mr.  C.  F.  Goodsell,  the  founder  of  Carleton  Col- 
lege, on  June  11, 1891. 

The  new  Williams  equatorial,  costing  $15,000,  was  installed  in  1891. 
Its  clear  aperture  is  16.2  inches  and  focal  length  22  feet,  the  lenses 
having  been  figured  by  Brashcar  upon  Hastings'  curves  and  the  mount 
ing  provided  by  Warner  and  Swasey. 

GoTHA :  Harzer. —l^diiction  of  previous  observations.  The  director's 
time  has  been  given  almost  entirely  to  lectures  and  to  his  theoretical 
investigations. 
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(iUEENWicu :  Chriatie. — The  regular  work  of  the  observatory  has  been 
continued  much  the  same  as  in  previous  years,  and  in  addition  astro- 
pbotograpliic  observations  have  grown  to  be  a  part  of  tlie  routine, 
more  especially  the  catalogue  of  guide  stars  for  the  photographic  chart. 
A  9-inch  Grubb  photographic  telescope  has  been  presented  to  the 
observatory  by  Sir  Henry  Thompson  and  has  been  mounts  on  the 
Lassell  equatorial  as  a  photoheliogrjiph.  The  erection  of  the  new 
30-foot  dome,  which  is  to  cover  the  28-inch  refractor,  was  begun  in 
December,  1892.  A  discussion  of  Greenwich  observations  from  1851 
to  the  present  time  by  Mr.  Thackeray  has  furnished  a  very  satis- 
factory confirmation  of  Mr.  Chandler's  doubly  periodic  variation  of  the 
latitude  (in  about  305  and  427  days,  resi>ectively).  A  successful  longi- 
tude <*ampaign  has  been  carried  on  with  Montreal,  and  the  difterence  of 
lons:itude  between  Greenwich  and  Paris  has  been  redetermined  by 
English  and  French  observers.  Some  additions  to  the  equipment  have 
been  made  and  the  details  of  an  electric-light  installation  have  been 
settled. 

Hamburg  :  RUmker, — Observations  of  comets,  asteroids,  and  compar- 
ison stars;  chronometer  work  for  the  German  navy;  meteorological  ob- 
ser  vat  ions,  and  time  service. 

Harvard  College  :  Pickering. — With  the  meridian  circle  the  obser- 
vation of  stars  in  the  southern  Durchmusterung  zone(— 9°  50'  to— 14^ 
10' )  has  advanced  toward  completion.  The  15  inch  equatorial  has 
been  employed  on  observations  partly  photometric  and  partly  micro- 
metric,  while  the  principal  work  done  with  the  west  equatorial  has 
been  the  study  by  Argelander's  method  of  the  changes  in  the  light  of  the 
variable  stars  of  long  period. 

Photographic  observations,  provided  for  by  the  Henry  Draper  me- 
morial, have  been  carried  on  continuously,  generally  throughout  every 
clear  night,  and  with  the  aid  of  three  telescopes. 

An  attempt  to  secure  a  suitable  location  for  the  Boyden  Fund  observ- 
ing stiition  on  Wilson's  Peak,  in  southern  California^  proved  unsuccess- 
ful, but  an  expedition  sent  out  to  Peru,  under  the  direction  of  Prof. 
W,  H.  Pickering,  left  Cambridge  in  December,  1890,  and  established 
a  station  about  3  miles  northwest  of  Arequipa,  where  a  13-inch 
equatorial  waS  mounted  and  observations  were  commenced.  The 
station  is  over  8,000  feet  above  sea  level,  and  has  a  nearly  cloudless 
sky  daring  a  large  i)art  of  the  year;  ttie  thermometer  rarely  falls  be- 
low 40^  F.,  and  rarely  goes  above  70^.  The  brilliancy  of  the  stars  is 
most  striking;  stars  of  the  6.5  magnitude  are  picked  out  easily  with 
the  naked  eye,  the  eleven  Pleiades  can  be  counted,  and  the  Gegen- 
schein  can  be  readily  seen  any  evening  after  9  o'clock. 

The  Harvard  Observatory  time  service,  which  had  been  in  operation 
with  but  little  interruption  since  1856,  was  discontinued  after  March 
31,  1892,  having  become  financially  unprofitable,  by  reason  of  the  fact 
that  time  signals  from  the  United  States  Naval  Observatory  were 
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offered  to  tlie  imhlir  in  Boston  tliroiij^li  the  Western  rnioii  Telfj^nipli 
(Joiiipany  at  a  lower  rate  than  tliey  vonUX  be  fnrnislieil  l»y  the  Harvard 
Observatory. 

Hathobn  (Saratoga  Springs,  N.  Y.):  del  (Uyrral, — IMiysical  observiv 
^ioDH  of  Jupiter  with  a  (>-inch  telescope. 

Haverford  CoLLE(fE:  Leavenicorth. — Work  on  stellar  parallax; 
Rnn-si3ot  observations. 

Heidelberg:  Wolf, — Stellar  photogiax)hy,  i>hotometric  observa. 
tioiis.  Prof.  Wolf  has  been  very  successful  in  the  discovery  of  new 
ast/Croids  by  photography. 

Herkny:  row  Gothard. — Spectrosc>opic  researches;  photography  of 
nebul»;  observations  of  variable  sttns;  meteorological  obscTvations; 
time  service,  and  computations  of  asteroids. 

Hongkong:  Doherck.  —  Time  service;  meteorological  and  magnetic 
observations. 

Iowa  University:  Weld, — A  student's  astronomical  observatory 
has  recently  been  established  at  the  State  University  of  Iowa,  Iowa 
City,  under  the  direction  of  Prof.  L.  G.  Weld.  The  main  building  is  12 
feet  square,  capped  by  a  cylindrical  turret  in  which  is  mounted  a 
Grubb  equatorial  of  5  inches  aperture,  and  77 J  inches  focal  length;  a 
Wiirdemann  transit  of  1^  inches  aperture  and24iiiche>i  focus  is  mounted 
in  a  wing  10  by  12  feet.  Subsidiary  apparatus  consists  of  a  4-incli 
portable  Fitz  equatorial,  clock,  chronometer,  and  chronograph. 

Jackson  (Mich.) — Small  private  observatory  of  Mr.  U.  W.  LawtoD. 

Jena  :  Knopf. — ^The  observatory  was  founded  in  1812  by  the  Grand 
Duke  of  Saxe- Weimar.  Observations  of  comets,  occultations,  phenom- 
ena of  Jupiter's  satellites,  variable  star  observations;  time  service; 
meteorology.  A  new  equatorial  of  20  centimeters  (7.9  inches)  aperture 
and  3  meters  (9.8  feet)  has  been  installed. 

Kalocsa:  Fenyi, — Solar  and  met^iorological  observations. 

Kenwood:  if flie. — The  Kenwood  Physical  Observatory,  the  private 
observatory  of  Prof.  George  E.  Hale,  had  its  inception  in  a  sijectro- 
scopic  laboratory  erected  in  Chicago  in  the  summer  of  1888.  The 
addition  of  a  tower  and  wing  during  the  winter  of  1890-'91  biwiglit 
the  building  to  its  present  form,  and  it  now  includes  a  reception  room, 
library,  equatorial  room,  '^slit  room,"  "grating  room,^'  pbotographlc 
dark  room,  general  laboratory,  and  workshop.  The  grating  room 
contains  a  4-inch  concave  grating  of  10  feet  radius  of  curvature, 
mounted  in  the  manner  employed  by  Prof.  Rowland.  A  shorter 
girder  allows  the  use  of  a  grating  of  only  5  feet  radius  in  cases  when 
the  light  source  is  too  faint  to  admit  of  the  highest  dispersion.  Suu 
light  is  furnished  by  a  heliostat  on  a  pier  some  distance  to  the  north 
of  the  building.  Electrical  power  is  supplied  through  a  gas  engine 
and  storage  battery  and  also  from  the  main  city  wires. 

The  mounting  of  the  equatorial  was  finished  in  March,  1891,  by 
Warner  and  Swasey,  and  the  excellent  12.2-inch  object  glass,  figured 
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from  Dr.  Hastings's  cahuihitiou,  by  Bnushcar,  was  in  place  ainl  ready  lor 
nse  in  April,  1891.  The  spectroscope  is  large,  the  objectives  being 
alike  and  of  3^  inches  clear  aperture  and  42  J  inches  focus,  corrected  for 
work  in  the  visual  region.  The  grating  is  a  4-inch  flat,  in  addition  tr) 
whicli  there  is  a  30^  white  flint  prism.  A  second  photographic  objec- 
tive of  exactly  the  same  siperture  and  focal  length  as  the  visual  glass 
will  be  provided  and  a  double  tube  will  replace  the  single  tube,  the 
object  glass  being  so  supported  that  either  one  may  be  used  on  either 
tube. 

The  observatory  was  formally  dedicated  on  June  15,  1891;  it  has 
been  incorporated  under  the  laws  of  the  State  of  Illinois  and  its  con- 
trol is  vested  in  a  board  of  trustees.  The  plan  of  work  includes  a  study 
of  solar  phenomena,  with  especial  attention  to  spectroscopic  investiga- 
tions  of  the  spots,  chromosphere,  and  prominences.  An  interesting  and 
well-illustrated  description  of  the  observatory,  together  with  an  address 
deli  vered^it  the  dedication  by  Prof.  Young,  is  published  in  the  Sidereal 
Messenger  for  August,  1891. 

Kiel:-  Krueger. — ''Centralstelle  fiir  astronomische  Telegramme.^ 
Spectroscopic  and  photometric  observations,  observations  of  comets 
and  asteroids  and  computations  of  orbits  and  ephemerides. 

KoNiGSBERG:  C.  W,  F,  Peters, — Meridian  observations,  heliometer 
raeiisures  of  double  stars,  and  for  parallax ;  observations  of  comets  and 
of  the  moon.    Meteorology. 

KBEMSMtiNSTER :  Tra//w^r.^-Observations  of  comets  an4  sun  spots. 
Time  service,  meteorological  and  magnetic  observations. 

Ladd:  Upton. — ^The  Ladd  observatory  was  formally  presented  to 
Brown  University,  Providence,  11. 1.,  by  Governor  Ladd  on  October  21, 
1891.  The  building  and  equipment  have  cost  nearly  $30,000.  The 
main  part  of  the  building  is  43  by  27  feet,  and  the  transit  room  25  by 
15  feet.  The  chief  instrument  is  an  equatorial  of  12.2  inches  aperture, 
objective  by  ErasUear,  and  mounting  by  Saegmuller.  It  is  one  of  three 
recently  made  by  Mr.  Brashear  from  the  formulje  of  Prof.  C.  S.  Hast- 
ings. The  mounting  embodies  several  convenient  devices.  The  spec- 
troscope, which  is  of  special  excellence,  is  by  Brashear. 

The  clock  room  is  a  chamber  in  the  equatorial  pier,  and  contains  a 
Howard  sidereal  and  a  Molyneaux  mean  time  clock.  The  other  instru- 
ments are  a  3-inch  portable  transit  by  Saegmuller;  a  smaller  transit  for 
students'  use,  a  Warner  and  Swasey  chronograph,  several  chronom- 
eters and  sextants,  a  barograph,  thermograph,  and  recording  hygrom- 
eter by  Eichard  Freres,  a  recording  rain  and  snow  gauge  by  Ferguson, 
and  ordinary  meteorological  instruments.  The  observatory  is  designed 
primarily  for  the  instruction  of  students,  but  also  for  research,  and  the 
equipment  has  been  jjlanned  for  a  possible  extension  of  the  latter  as 
the  resources  of  the  observatory  may  allow.  The  director  is  Prof. 
Winslow  Upton. 

Leipzig:  H.Brum. — Parallax  measures  of  stars  with  large  proper 
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motions,  observations  of  planets  and  asteroids.  Zone  work  -f-5oto  + 
HP^  and  4-10^  to  +150;  triangulation  of  trapezium  of  Orion.  Time 
service  and  meteorological  observations. 

LiOK:  Holden. — A  new  building  lijis  been  erected  to  cover  the  Wil- 
lard  photographic  lens  f aperture  5.9  inches,  focal  length  31  inches),  and 
its  mounting  by  Brashear,  presented  by  Hon.  C.  F.  Crocker.  The  dome 
is  10  feet  in  diameter,  and  attached  to  it  is  a  photographic  dark  room 
about  10  by  11  feet. 

A  graduate  school  of  astronomy  lias  been  established  at  the  Lick 
Observatory  as  a  part  of  the  graduate  system  of  the  University  of  Cali- 
fornia, and  a  special  fund  established  by  Mrs.  Phebe  Hearst  is  in  part 
available  for  the  expenses  of  advanced  students  elected  fellows  bj^ 
the  regents. 

Barnard's  discovery  of  a  fifth  satellite  of  Jupiter  with  the  3(»-incli  re- 
fractor has  been  referred  to  elsewhere. 

LifcGE:  Folic. — This  observatory  is  attached  to  the  Royal -Observa- 
tory at  Brussels,  and  its  observations  are  published  in  the  Brussels 
volumes.  Much  excellent  theoretial  work  has  been  done  by  M.  de  Ball 
while  awaiting  repairs  to  the  meridian  circle. 

Liverpool:  Plummer. — Time  service,  chronometers,  meteorological 
observations.  The  8-inch  equatorial  has  been  used  in  the  systematic 
observation  of  comets. 

Lund-:  Folke  Engstrbm, — Work  on  zone  +36°  to  +40^. 

MoCoBMiGK:  Stone. — Prof.  Stone  has  published  a  continuation  of 
the  Bonn  Durchmusterung,  upon  which  he  has  been  engaged  for  a 
number  of  years. 

Madras:  Smith. — Mr.  C.  Michie  Smith,  since  the  death  of  Mr.  Pog 
son,  has  been  chiefly  engaged  in  pushing  forward  the  publication  of 
observations  of  earlier  years.  Observations  other  than  those  required 
for  the  efficient  maintenance  of  the  time  service  have  been  entirely 
subordinated  to  the  work  of  publication.  Two  volumes  of  the  valuable 
Madras  Meridian  Circle  Observatiom  have  been  issued. 

Melbourne:  Ellery. — Meridian  circle  work  has  been  continued. 
The  photographic  telescope  was  mounted  in  January,  1801,  and  consid- 
erable progress  has  been  made  towards  the  photographic  catalogue. 
Meteorological  and  magnetic  observations,  time  service,  and  chronom- 
eter rating  have  been  kept  up,  but  the  observatory  has  been  seriously 
crippled  by  the  reduction  of  its  appropriations,  necessitating  the  retiii?- 
ment  of  two  assistants. 

Milan:  Schiaparelli, — Measurements  of  double  stars;  preparations 
for  a  catalogue  of  1,100  stars,  zone  +2^  to  4-0o  observed  from  1860  to 
1872.    Longitude  work,  time  service,  and  magnetic  observations. 

Mississippi  University:  Fulton.— Under  date  of  July  G,  1891,  it 
was  reported  (Sid.  Mess.,  No.  97)  that  a  "twin  equatorial"  (a  15-inch 
visual  telescope  and  a  9-inch  photographic  telescope  side  by  side  on  the 
same  mounting)  was  under  construction  by  Grubb. 
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Mount  Holyoke  (South  Hadley,  Mass.) — Sun-spot  observations. 

Mount  Rosa. — A  stnall  observatory  is  in  course  of  construction  on 
Mount  Rosa,  15,000  feet  above  sea  level,  consisting  of  a  wooden  liut  10 
by  30  feet. 

Munich:  Seeliger. — A  new  Repsold  6-inch  meridian  circle  was 
mounts  in  July,  1891.  Observations  of  comets  and  of  Saturn  with  the 
10 J- inch  refractor;  investigations  of  personal  equation  dependent  on 
the  magnitudes  of  stars;  longitude  work,  meteorological  observations. 

Natal. — Observations  of  the  Moon's  position  and  of  Mars. 

O'Gyalla:  Konkoly. — Observations  of  sun  spots,  drawings  of  Jupi- 
ter; a  few  spectroscopic  observations  and  some  photographic  experi- 
ments. Much  time  has  been  spent  in  the  reorganization  of  the  Gov- 
ernment Meteorological  Bureau. 

Oxford  (University). — The  series  of  observations  for  determining 
by  photography  the  parallax  of  about  30  stars  chiefly  of  the  second 
magnitude  has  been  completed  and  the  results  published.  Much  time 
has  been  spent  in  the  preparation  of  the  new  instruments  to  be  used 
on  the  international  chart  of  the  heavens,  and  a  considerable  number 
of  plates  comprised  in  the  zone  assigned  to  Oxford  have  been  completed. 
Experimental  work  has  also  been  done  for  the  committee  in  charge  of 
the  international  chart. 

A  convenient  observatory  has  been  erected  contiguous  to  the  main 
building  for  the  exclusive  use  of  university  students.  This  observatory 
isfiirnished  with  two  small  transit  circles,  three  telescopes,  one  of  which 
is  a  reflector  of  15  inches  aperture,  and  subsidiary  apparatus. 

Paris:  Tisserand. — In  the  report  for  1891  the  director  stated  that 
the  Gambey  circle  had  been  applied  to  the  investigation  of  the  latitude 
and  the  question  of  its  variation;  observations  to  determine  the  con- 
stant of  aberration  were  completed,  and  besides  the  usual  planetary 
and  comctary  observations,  a  considerable  number  of  measurements  of 
double  stars  jiud  micrometric  measures  of  nebulae  were  made. 

Photographic  work  upon  the  great  chart  and  upon  the  moon  has 
been  continued,  and  the  newly  organized  department  of  spectroscopy 
ha«  obtained  interesting  results  under  M.  Deslandres. 

The  report  for  1892  contains  a  tribute  to  Admiral  Mouchez,  the  late 
director,  an  account  of  gratifying  progress  in  the  photographic  and 
spectroscopic  work,  and  with  the  equatorial  coude.  A  **  Bureau  des 
Mesures  des  Cliches  du  Catalogue"  has  been  organized,  with  Mile. 
Klumpke  at  its  head. 

Potsdam:  Vogel. — The  spectroscopic  determination  of  the  motion  of 
stiirs  in  the  line  of  sight  to  which  Dr.  Vogel  has  given  especial  atten- 
tion has  been  continued,  and  many  of  the  results  have  been  published. 
Dr.  Scheiner  has  worked  upon  stellar  spectra  and  the  spectra  of  solar 
prominences.  Prof.  Miiller  and  Dr.  Kempf  have  completed  their  obser- 
vations for  a  photometric  Durchmusterung,  and  Prof.  Miiller  his  long 
series  of  photometric  observations  of  the  planets.    Dr.  Lohse  and  Prof. 
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Spoerer  have  beeu  engaged  in  i)liotograpliic  and  visual  observations  of 
tlie  sun. 

Prague:  Safarilc. — Variable  stars. 

PRAauE  ( University) :  Weinek. — Drawings  of  the  moon .  Determina 
tion  of  latitude,  observations  of  Jupiter's  satellites,  time  service,  majf- 
netic  and  meteorological  observations. 

Providence  (R.  I.). — See  Ladd. 

Badoliffb  (Oxford) :  Stone. — Work  on  the  general  catalogue  of 
6,350  stars  for  1890;  meridian  observations  of  the  sun  aud  moon.  Ob- 
servations of  comets,  double  stars,  and  occulta tions.    Meteorology. 

Rome. — The  first  fascic^ule  of  the  publications  of  the  new  Vatican 
observatory  contains  the  interesting  Papal  Brief  founding  the  observa- 
tory, an  historical  introduction,  and  two  papers  on  astronomical  photo 
graphy,  to  which  the  observatory  is  to  be  for  the  present  devoted. 

RousDON  (Lyme  Kegis)  :  Peek. — Variable  stars;  time  service. 

San  Diego  (Cal.) — Mrs.  Proctor,  widow  of  the  late  R.  A.  Proctor, 
l)ropo8es  to  erect  an  observatory  at  San  Diego  as  a  memorial  to  her 
husband;  an  18-inch  object  glass  has  been  ordered. 

San  Fernando:  Viniegra. — Capt.  J.  Viniegra  has  been  api)ointed 
director,  to  succeed  Capt.  Pujazon. 

Smith  (Beloit,  Wis.):  Bacon, — Sun-spot  observations,  etc. 

Stonyhurst  :  Sidgreaves. — Photography  of  the  solar  spectrum  and 
of  stellar  spectra;  drawings  of  sun  spots  and  measures  of  the  chrome- 
Si  here  and  prominences.  A  new  15-iuch  refractor  has  been  purchased 
with  the  fund  raised  to  the  memory  of  the  late  Father  Perry. 

Stkasburg:  Becker, — The  meridian  circle  has  been  used  in  observ 
iug  the  zone  — 2°  to  — 6°,  and  also  the  sun,  moon,  and  planets.  Some 
defects  in  the  construction  of  the  altazimuth  were  remedied  and  tbe 
instrument  was  used  in  a  careful  series  of  observations  for  the  determ- 
ination of  the  variation  of  latitude,  beginning  in  May,  1891,  and  ending 
in  March,  1892. 

Sydney. — ^Transit-circle  work,  observations  of  double  stars  and  of 
comets;  photographic  work  for  the  international  chart,  photographs 
of  comets  and  of  Mars.    Weather-chart  service. 

Temple  (Rugby):  Double  stars;  nebuhe  photography. 

Toulouse:  Bigourdan. — From  an  account  of  the  history  of  the  ob- 
servatory by  M.  Bigourdan  it  appears  that  it  was  originally  estab- 
lished in  1729  on  one  of  the  towers  of  the  rampart  of  the  town.  Gari- 
puy  made  some  observations  there,  but  afterwards  erected  an  obser^Ti- 
tory  on  his  own  liouse  and  superseded  it  by  a  larger  and  more  commo- 
dicms  one  in  1770.  Darquier  assisted  him  for  a  time,  but  afterwards 
erected  an  observatory  of  his  own.  Vidal  had  commenced  his  astro 
nomical  work  at  the  observatory  of  Garipuy,  which,  however,  became 
the  property  of  the  states  of  Lauguedoc  after  the  death  of  the  founder 
in  1782.  Vidal  retired  in  1807,  and,  after  several  attempts  to  improve 
the  observatory,  it  was  decided  in  1840  t«  erect  a  new  one  at  the  ex 
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tremity  of  the  town.  Tlie  buildiiijii^s  were  comineueed  the  following 
year,  but  it  was  not  until  the  end  of  1846  that  tliey  received  their  in- 
strumental equipment.     Garipuy^s  observatory  was  then  abandoned. 

Underwood  (Appleton,  Wis,):  L,  W.  Undertcood. — The  Underwood 
observatory  in  connection  with  Lawrence  University  at  Appleton,  Wis., 
was  equipped  at  the  opening  of  the  college  year  of  1892-'93.  The  out- 
fit consists  of  a  10-inch  Clark  equatorial,  4  inch  meridian  circle,  mean- 
time and  sidereal  clocks,  chronometer,  and  chronograph.  A  local  time 
service  has  been  established. 

United  States  Naval  Observatory  :  MeNair. — At  the  time  of  the 
last  report  of  the  Superintendent,  September  29, 1892,  the  new  buildings 
were  not  ready  for  occupancy.  The  usual  routine  observations  have 
been  somewhat  interrupted  by  preparations  made  for  the  removal  of 
the  instruments  to  the  new  site,  advantage  being  taken  of  the  inter- 
ruption of  observations  to  advance  the  reductions  of  previous  years. 

Prof.  Asaph  Hall  was  retired  by  law  from  active  service  as  a  staff 
officer  of  the  Navy  on  October  15,  1891. 

Upper  Tulse  Hill:  Huggins, — Visual  and  photographic  observa- 
tions of  Nova  Aurigie  (1892). 

Upsala:  Duner, — Variable  stars ;  stellar  photography.  Anewpho- 
togi'aphic  refractor  of  33  centimeters  (13  inches)  objective  has  been  under 
con8tru(!tion,  and  has  necessitated  some  alterations  in  the  building. 
Timo  service. 

VAS8AR:  MisH  Whitney, — Sun-spot  observations,  observations  of 
comets,  et-c. 

.  Westimeath:  Wilson. — The  2-foot  Grubb  reflector  has  been  re- 
mounted and  used  for  stellar  photography.  Some  photographs  of 
Jupiter  have  been  taken  with  a  photographic  i3hotometer,  to  determine 
the  relative  albedo  of  the  planet  and  his  moons. 

Windsor:  Tebbntt, — Observations  of  comets,  double  stars,  occulta- 
tions,  and  the  phenomena  of  Jupiter's  satellites. 

Wolsingham:  Etijyin, — Spectroscopic  zone  work;  double  stars.  A 
number  of  new  variable  stars  have  been  discovered.  Meteorological 
observations. 

Yale. — Dr.  Elkin's  heliometer  work  constitutes  the  chief  astro- 
nomical activity.  In  1891  the  series  of  observations  to  determine  the 
parallaxes  of  the  tirst  magnitude  stars  of  the  northern  hemisphere  was 
completed.  Observations  have  also  been  made  of  comparison  stars  for 
Victoria,  and  the  computations  on  the  Iris  series  in  1888  have  been  car- 
ried forward  chiefly  by  Miss  Palmer.  Observations  of  comets  and 
asteroids  were  made  by  Mr.  Chase  with  the  8-inch  Reed  equatorial. 

From  July,  1891,  to  January,  1892,  the  heliometer  was  devoted  to  a 
series  of  measures  on  the  sat<illites  of  Jupiter  for  the  determination 
of  their  orbits,  and  the  mass  of  the  planet.  After  the  completion  of 
this  work  Dr.  Chase  completed  a  triangulation  of  the  principal  stars 
ill  Coma  Berenices.    A  series  of  measures  of  Algol  has  been  made  to  test 
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the  theory  of  a  sensible  orbital  motion  of  the  bright  coiDi>onent,  and 
the  theoretical  parallax,  suggested  by  Mr.  Chandler. 

Yerkes  (University  of  Chicago):  Hale. — Through  the  muuificenoe 
of  Mr.  Charles  J.  Yerkes,  of  Chicago,  the  University  of  Chicago  is  to 
have  an  astronomical  observatory  of  the  first  class.  No  definite  limit 
has  been  assigned  to  the  expenditure  contemplated,  but  it  is  intimated 
that  the  equipment  shall  be  equal  to  any  in  existence.  The  principal 
instrument  will  be  a  40-inch  refractor,  the  disks  for  which  were  made 
some  years  since  for  the  University  of  Southern  California. 

The  remainder  of  the  equipment  is  still  undetermined,  but  it  will 
probably  include  a  16-inch  refractor,  12-inch  *'  twin  "  equatorial  with 
visual  and  photographic  objectives,  6inch  meridian  circle,  and  20-incb 
siderostat. 

Zurich:  E.  TTo^/'.-^Sun-spot  observations;  observations  for  deter- 
mining the  variation  of  latitude;  time  service. 

ASTRONOMICAL   INSTRUMENTS. 

Brashear-HastingH  ohjeeiives. — Three  large  object  glasses  recently 
made  by  Brashcar  are  of  more  than  ordinary  interest,  as  they  have 
been  ground  by  Prof.  Hastings'  formula.  They  are  the  16-inch  of  the 
Goodsell  Observatory,  the  12.2  of  the  Ladd  Observatory,  and  the  12-inch 
of  the  Kenwood  Physical  Observatory.  The  crown  glass  wa«  obtained 
from  Mantois,  of  Paris,  and  the  flint  from  the  optical  works  at  Jeua, 
Germany. 

A  new  instrument  has  been  devised  by  A.  Beck,  called  a  '*  Nadir 
Instrument,"  for  the  determination  of  time  and  latitude  by  observation 
of  the  transits  of  stars  over  a  circle  whose  pole  is  the  zenith.  The  in 
strument  is  adjusted  for  a  circle  of  00^  zenith  distance. 

To  amateurs  a  series  of  articles  on  the  *^  Adjustment  of  a  small  Eqiia 
torial,"  in  the  Journal  of  the  British  Astronomical  Association  (Feb- 
ruary, 1892),  by  Mr.  Maunder,  will  undoubtedly  prove  of  interest  and 
value. 

MISCELLANEOUS. 

Prizea, — The  Lalande  prize  of  the  Paris  Academy  for  1891  was 
awarded  to  M.  G.  Bigourdan  for  the  work  he  has  undertaken  and 
partly  carried  out,  of  micronietrically  measuring  all  the  known  nebu 
he,  about  six  thousand  in  number,  observable  at  Paris  ;  this  will  be  a 
tirst  step  to  obtaining  some  knowledge  of  their  proper  motions,  and 
ultimately,  perhaps,  of  their  distances  from  the  sun.  No  memoir  was 
l)resented  to  the  Academy  on  the  special  subject  proposed  for  the 
Damoiseau  prize,  "  To  perfect  the  theory  of  the  inequalities  of  long 
periods  caused  by  the  planets  in  the  motion  of  the  nioi>n."  It  was, 
therefoY^j  proposed  again  for  1892,  and  its  value  fixed  at  4,00(>  fraucs. 
Prizes  were,  however,  a(Vj\xAgeiV^lo\  W\^\\  \\v!v.vk^\a»vY  and  cometary  inves- 
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tigatious,  to  MM.  (laillot,  Callaiidreau,  and  Scliulbof.  The  nanssen 
jirize  was  awarded  to  M.  Kayet,  for  his  spectroscopic  work.  This 
prize  is  awarded  annually  for  the  first  seven  years  after  its  foundation 
(1887),  and  becomes  biennial  in  1894. 

The  Lalande  prize  of  the  French  Academy  of  Sciences  was  awarded  on 
December  19,  1892,  to  Mr.  E.  E.  Barnard  for  his  astronomical  discov- 
eries, especially  the  discovery  of  the  fifth  satellite  of  Jupiter,  and  to 
Prof.  Max  Wolf  for  his  work  in  astronomical  photography,  especiiUly 
in  the  discovery  of  asteroids.  The  Damoiseau  prize  to  MM.  Hadau  and 
Leveau;  the  Valz  prize  to  M.  Puiseaux  for  his  work  on  the  theory  of 
astronomical  instruments  and  the  constant  of  abeiTation  5  the  Janssen 
prize  to  M.  Tacchini  for  his  work  on  the  solar  spectrum. 

The  JJonoJwe  Comet  Medals  of  the  Afttronovncal  Society  of  the  Pacific, — 
The  following  amended  rules  for  the  bestowal  of  the  medal  took 
effect  on  February  2C,  1891. 

I.  A  n:edal  of  bronze  is  established  as  a  ])erpetual  foundation  to  be 
given  for  the  discovery  of  comets,  as  follows  : 

The  medal  is  to  bear  on  the  obverse  side  the  effigy  of  a  bright  comet 
among  stars,  with  the  legend  "Astronomical  Society  of  thk  Pa- 
cific'- around  the  border,  and  on  the  reverse  the  inscription,  ''This 

MEDAU,   FOUNDED    IN    1890  BY  JOSEPH   A.  DONOHOB,  IS  PRESENTED 

TO (the  name  of  the  discoverer)  to  commemorate  the  dis- 
covery OF  A  comet  on (the  date)." 

It  is  to  be  understood  that  this  medal  is  intended  solely  as  a  re<n)g- 
nition  of  merit,  and  not  as  a  reward. 

II.  The  medal  will  be  givt^n  to  the  actual  discoverer  of  any  unex- 
pected comet. 

III.  The  discoverer  is  to  mnke  his  discovery  known  in  the  usual 
way,  and,  in  order  to  simplify  the  work  of  the  committee,  which,  iu 
certain  cases  may  be  called  upon  to  consider  the  merits  of  several  inde- 
pendent discoveries  of  the  same  object,  he  should  also  address  a  letter 
to  the  Director  of  the  Lick  Observatory,  which  sh(»uld  state  tlie  exact 
time  of  the  discovery,  the  position  of  the  comet,  the  direction  of  its 
motion  (when  this  can  be  detcinnned),  and  thej^hysical  appearance  of 
the  object. 

No  application  for  the  bestowal  of  the  medal  i.sret|uired.  The  letters 
received  from  discoverers  of  comets  will  be  preserved  in  the  records  of 
the  Lick  Observatory.  Cable  telegrams  to  the  Lick  Observat^iry  are  to 
be  addressed  to  ''Astronomer,  San  Francisco." 

IV.  All  communications  will  be  referred  to  a  committee  consisting  of 
the  Director  of  the  Lick  Observatory,  ex  officio^  and  of  two  other  per- 
sons, members  of  the  Astronomical  Society  of  the  Pacific,  who  are  to 
be  annually  appointed  by  the  Board  of  Directors.  The  decisions  of  this 
(committee  are  to  be  final  upon  all  points  relating  to  the  award  of  the 
medal.  The  committee  will  print  an  animal  statement  of  its  operations 
in  the  publicati«>ns  of  the  society, 

H.  Mis.  Hi il 
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Under  ordinary  I'irciimstaiices  the  comet  medal  will  be  awarded  within 
two  montbs  after  the  date  of  the  discovery.  In  cases  of  doubt  a  longer 
l)eriod  may  elapse.  The  medal  will  not  be  awarded  (unless  under  the 
most  exceptional  circumstances)  for  the  discovery  of  a  comet  until  enough 
observations  are  secured  (by  the  discoverer  or  by  others)  to  permit  the 
calculation  and  verification  of  its  orbit. 

V.  This  medal  is  to  be  a  perpetual  foundation  from  and  after  January 
1,  1890. 

The  fourth  award  of  the  Do iiohoe  medal  was  made  to  Dr.  11.  Spitaler, 
assistant  in  the  Imperial  Observatory  of  Vienna,  for  his  discovery  of 
a  comet  "in  the  morning  hours"  of  November  IG.  1890;  This  was  the 
first  comet  discovered  by  Dr.  Spitaler, 

The  fifth  award  was  made  to  Prof.  T.  Zona,  adjunct  astronomer  iu 
the  Koyal  Observatory  of  Palermo,  for  his  discovery  of  a  comet  at 
9^'  31"',  Greenwich  mean  time.  November  15,  1890.  Also,  his  first  dis- 
covery of  a  comet. 

The  sixth  award  was  made  to  Mr.  E.  E.  Barnard,  astronomer  of  the 
Lick  Observatory,  for  his  discovery  of  a  comet  at  16  hours,  Greenwich 
mean  time,  on  March  29,  1891.  This  was  the  filteenth  comet  discov- 
ered by  Mr.  Barnard. 

The  seventh  award  was  also  made  to  Mr.  Barnard  for  a  comet  dis- 
covered at  0'»  5o'»,  Greenwich  mean  time,  on  October  3,  1891. 

The  eigth  award  was  made  to  Dr.  Lewis  Swift  for  his  discovery  of 
an  unexpected  comet  on  March  G,  1892. 

The  ninth  award  was  made  to  Mr.  W.  F.  Denning,  of  Bristol,  Eng- 
land, for  his  comet  of  March  18,  1892. 

The  tenth  award  to  Mr.  \V.  B.  Brooks,  of  the  Smith  Observatory,  Ge 
neva.  New  York,  for  a  comet  on  Augiist  28,  1892. 

The  eleventh  award  was  made  to  Mr.  E.  E.  Barnard  for  his  diseov- 
ery  by  photography  of  an  unexpected  comet  on  October  12,  1892.  ut 
Mount  Hamilton. 

The  twelfth  award  was  made  to  Mr.  Edwin  Holmes,  of  London,  Eng- 
land, for  his  comet  of  November  O,  1892. 

The  thirteenth  award  to  Mr.  W.  11.  Brooks  for  his  comet  on  Novem- 
ber 19,  1892. 

The  Acton  prize.-^Once  in  seven  years  the  Acton  prize  of  £100  is 
awarde<l  to  the  person  whose  scientific  writings  have  been  most  ser- 
viceable to  the  cause  of  natural  religion.  The  last  prize  was  adjudged 
to  Prof.  G.  Stokes,  of  Cambridge  University.  The  recii>ient  in  189J 
was  Miss  Agnes  Gierke,  author  of  the  "  History  of  Astronomy  in  the 
Nineteenth  Century;"  of  the  "System  of  the  Stars;"  and  of  "Studies 
in  Homer." 

The  Bruce  fund.— The  fund  of  *0,000  [daced  by  Miss  Bruce  in  Prof. 
Pickering's  hands  to  be  used  in  aid  of  astronomical  work,  has  been 
applied  as  follows:  To  Prof.  Newcomb,  for  a  discussion  of  the  contint 
observations  of  Venus  during  the  transits  of  1874  uud  1882;  Dr.  Plaiss. 
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mann,  priutiug  observatioiid  of  meteors  and  of  variable  stars;  Astro- 
nomische  Gesellschaft,  construction  of  tables  for  the  comx)ntation  of 
the  absolute  perturbations  of  tlie  asteroids  by  Gyldens  method;  Inter- 
national Geodetic  Commission,  dispatch  of  a  party  to  the  Sandwich 
Islands  for  a  study  of  the  variations  of  latitude;  Mr.  II.  H.  Turner, 
computation  of  tables  for  reductions  of  star  places;  Prof.  E.  S.  Holden, 
reduction  of  meridian  observations  of  Struve  stars;  Prof.  H.  A.  Row- 
laud,  identification  of  metals  in  the  solar  spectrum;  Dr.  L.  Struve, 
reduction  of  the  occultations  observed  during  the  eclipse  of  January 
28, 1888. 

It  may  not  be  out  of  i>lace  here  to  note  that  a  legac-y  of  100,000 
francs  ($20,000)  has  been  left  by  an  old  lady  of  Pau  to  the  Institute  of 
France,  as  a  reward  for  the  i>ersoii  of  any  nationality  who  shall,  within 
the  next  ten  years,  succeed  in  communicating  with  the  inhabitants  of 
some  other  celestial  body.  Apropos  of  this  legacy,  Flammarion  has 
written  an  'interesting  article  in  L'Astronomie  as  to  the  possibility  of 
our  ever  being  able  to  accomplish  communication  with  our  neighbors. 

The  Danish  Academy  of  Sciences  and  Letters  has  awarded  a  gohl 
medal  to  Baron  E.  von  Haerdtl,  of  Innspruck,  for  his  memoir  on  a 
case  of  the  problem  of  three  bodies  proposed  by  the  Acadamy  in  1889. 

Astronomy  and  uHlrophymcH, — With  its  one  liundred  and  first  num- 
ber, the  Sidereal  Messentjer^  which  has  been  edited  by  Prof.  W.  W. 
Payne,  at  Northfield,  Minn.,  since  1882,  takes  a  new  name,  and  is 
enlarged,  so  that  a  considerable  portion  of  each  number  is  devoted, 
under  the  able  editorship  of  Prof.  G.  E.  Hale,  of  Chicago  University, 
to  what  is  n4>w  known  as  astro- physics.  Prof.  Payne  continues  as 
fccuior  editor  in  ^*  General  Astronomy,"  assisted  by  Prof.  EL  C  Wilson. 
The  bibliographer  will  note  that,  though  the  journal  has  anew  name, 
the  volume  and  current  number  are  continued  from  the  Sidereal  Men- 
aenger ;  thus  the  initial  numbei*  of  Astronomy  and  Astro-])hysic8  is 
"Number  101,"  forming  part  of  *'  Volume  xi." 

It  is  stated  that  tliere  are  to  be  erected  in  Berlin  three  hundred 
"Urania  pillars."  These  pillars  will  be  about  18  feet  high,  made  of 
cast  iron,  and  will  each  contain  a  clock,  meteoroh)gical  instruments, 
weather  charts,  astronomical  and  geographical  announcements,  and 
also,  as  in  the  streets  of  Paris,  a  plan  of  the  neighboring  streets  in  en- 
larged form  to  enable  strangers  to  find  their  way.  The  instruments 
are  to  be  regulated  from  the  observatory. 

A  star  atlas  by  Ilerr  Jacob  Messer,  of  St.  Petersburg,  the  page  being 
about  4^  inches  by  8f  inches,  will  be  found  extremely  convenient  for 
amateur  observers  who  do  not  care  to  burden  lliemselves  with  tlie  larger 
works.  It  contains  all  the  stars  visible  to  the  naked  eye  (first  to  sixth 
magnitudes,  inclusive),  from  the  north  pole  down  to  35^  south  declina- 
tion, togetheix  with  a  selection  of  the  most  interesting  double  stars, 
variables^  nebulie,  clusters,  etc. 
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Much  interesting  light  has  been  thrown  of  late  on'  Babylonian  as- 
tronomy by  Fathers  Bpping  and  Strassmaier.  A  series  of  lunar  aud 
planetary  observations  has  recently  been  found  in  the  cuneiform  tablets 
of  the  British  Museum,  and  among  others  an  observation  of  a  lunar 
eclipse,  one  of  the  nine  used  by  Ptolemy  in  his  Almagest.  Another 
work  of  the  same  authors  shows  that  the  Babylonians  were  able  to 
predict  the  rising  and  setting  of  the  moon,  aud  the  hour  and  magni- 
tude of  an  eclipse. 

Mr.  A.  M.  W.  Downing,  superintendent  of  the  computations  at  the 
Royal  Observatory,  Greenwich,  was  appointed  to  succeed  Dr.  Hind, 
who  retired  from  the  position  of  superintendent  of  the  British  Nautical 
Almanac  office  on  January  1, 1892. 

The  Astronomische  Gesellschaft  held  its  fourteenth  biennial  meeting 
at  Munich  August  5-7,  under  the  presidency  of  M.  Gylden.  The  society 
numbers  318  members. 

A  new  astronomical  society, — ^Au  association  was  formed  in  Berlin, 
in  1891,  called  the  "Union  of  Friends  of  Astronomy  and  Cosmical 
Physics,''  for  the  purpose  of  securing  co-operation  in  the  study  of  these 
sciences  in  the  countries  of  central  Europe.  The  strength  of  the  new 
society  is  perhaps  best  indicated  by  the  names  of  its  officers,  Prof. 
Lehmann-Filhes  being  x>resident,  and  Herrn  Forster,  M.  W.  Meyer, 
Plassmann,  Jesse,  Weinstein,  and  Beimann  the  presidents  of  its  six 
sections. 

The  question  of  the  ownership  of  an  aerolite  has  been  referred  for 
settlement  to  the  courts,  and  the  decision  reached  is  of  some  interest. 
On  May  2, 1890,  an  aerolit'C  weighing  66  pounds  fell  on  the  land  of 
John  Goddard,  in  Winnebago  County,  Iowa.  It  was  dug  up  by  Peter 
Hoagland,  carried  to  his  house,  and  sold  for  8105.  Goddard  claimed 
it  as  it  had  fallen  on  his  land,  while  Hoagland  claimed  it  as  he  dis- 
covered it  and  as  it  fell  from  heaven.  In  the  suit  that  resulted  the 
court  held  that  the  stone  became  part  of  the  soil  on  which  it  fell,  and 
that  Hoagland  had  no  right  to  remove  it.  The  defense  claimed  that 
whatever  was  movable  and  found  on  the  surface  of  the  earth  unclaimed 
by  any  owner  was  supposed  to  be  abandoned  by  the  proprietor. 
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NECROLOGY  OF  ASTRONOMERS,  1891-^. 

Adams  (John  Couch).  Born  near  Launceston,  Cornwall,  June  5,  1819;  died  at 
Cambridge,  England,  January  21,  1892. 

Airy  (George  Biddkll).  Born  at  Alnwick,  July  27, 1801 ;  died  at  Green w^ieh,  Janu- 
ary 2,  1892. 

BrCnxow  (Franz  Frikdrich  Ernst).  Born  at  Berlin,  November  18, 1821;  died  at 
Heidelberg,  August  20,  1891. 

Clark  (George  Basseit).  Born  at ,  February  14,  1827;  died  at  Cambridge- 
port,  December  30,  1891. 

DE  Gasparis  (Annibale).  Bom  at  Bugna>a,  November  9,  1819;  died  at  Naples, 
March  21.  1891. 

Gautier  (Emile).  Bom  at  Geneva,  April  18,  1822;  died  at  Geneva,  February  25, 
1891. 

Grant  (Robert).  Born  at  Grautowii-on-Sprey,  June  17,  1814;  died  at  Grantown, 
October  24,  1892. 

Haetnup  (John).     Born  in  London,  18tl;  died  at  Liverpool,  April  21,  1892. 

von  Haynald  (Ludwuj).     Born  at  Sz^csony,  1816;  died  at  Kalocsa,  July  4,  1891. 

Kleiber  (Joseph).  Born  at  St.  Petersburg,  December  15,  1863;  died  at  Nice, 
Febmary  12,  1892. 

MoucHKZ  (Amjkd^.e  Ernest  BarthI^xemy).  Born  at  Madrid,  August  24, 1821;  died 
at  Wissons,  June  29,  1892. 

PoGSON  (Norman  Robert).  Born  at  Nottingham,  March  23, 1829;  died  at  Madras, 
June  23,  1891. 

Rutherford  (Lewis  Morris).  Bom  at  MoiTisania,  November  25,  1816;  died  May, 
30, 1892. 

SchOnfeld  (Eduard).  Born  at  Hildburgbausen,  December  22, 1828;  died  at  Bonn, 
May  1,1891. 

Seydlrr  (August).    Bom  at  Senftenberg,  June  1, 1849;  died  at  Prag,  June  22, 1891. 
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ASTRONOMICAL  BIBLIOGRAPHY  FOR  1891  AND  1892. 

The  following  bibliography  or  index  catalogue  is  arranged  upon  the 
plan  adopted  in  the  review  of  astronomy  for  1886,  thus  making  this 
series  of  indexes  complete  from  that  year  to  1892,  except  for  the  yejur 
1890,  an  index  for  which  Was  published  in  the  Sidereal  Messenger  for 
1891  (vol.  10,  pp.  84,  356). 

The  principal  books,  memoirs,  and  journal  articles  published  in  1891 
and  1892  that  have  come  under  the  compiler's  notice  are  here  included, 
and  there  are  also  a  few  titles  that  belong  to  earlier  years  but  were 
not  found  in  time  to  insert  in  previous  lists.  Eeferences  to  series  of 
observations,  preliminary  orbits  of  comets  and  asteroids,  reviews,  etc., 
are  omitted,  and  to  condense  it  int^)  reiisonable  limits  the  bibliography 
has  not  been  made  exhaustive  even  to  the  extent  of  printing  all  titles 
that  were  originally  collected. 

The  subject  headings  are  in  alphabetical  order,  with  a  subarrange- 
nient  by  authors.  The  references  to  periodicals  are  by  volume  and  page 
separated  by  a  colon;  thus:  Obsry.  l/):173-89  indicate^s  volume  15, 
pages  173  to  189,  of  Tlie  Observatory. 

The  following  is  a  list  of  the  principal  periodicals  examined: 

American  Journal  of  Science,  vols.  141-144. 

Astrououiical  Journal,  Nos.  233-283. 

Astronomischo  Nacliricbten,  Nos.  3010-3139. 

Ij'Astronomie,  vols.  10  and  11. 

Astronomy  and  Astrophysics,  vol.  11. 

Bulletin  Astronomique,  vols.  8  and  9. 

Comptes  Rendus,  vols.  112,  113,  114,  115. 

Journal  of  the  British  Astronomical  Association. 

Monthly  Notices  of  the  Koyal  Astronomical  Society,  vols.  51,  No.  3,  to  vol.  52.  No.  9. 

The  Ohservatory,  vols.  14, 15. 

Publications  of  the  Astronomical  Society  of  the  Pacific,  Nos.  13  to  2(>. 

Sidereal  Messenger,  vol.  10. 

Vierteljahrsschrift  der  Astronomischen  Gesellschaft,  26.-27.   Jahrg. 

ABBREVIATIONS. 


Ahstr.  =:  A  1)8 tract. 
Am.  ^^  American. 
Bd.  =  Band. 

d.  ==  di,  dor,  del,  etc. 
ed.  =  edition. 
Hft.  =  Heft, 
hrsg.  =  herausgegeben. 
il.  =  illustrated, 
j.,  jour.  =  journal. 

k.  k.  :=:  kaiserlich-koniglich. 
Lfg.  rrz:  Liefcruug. 
u.  d.  =  no  date, 
ji.  p.  =  no  place  of  pvi\A\ci\t\o\\. 


n.  F.  ^:^  neue  Folge. 
n.  8.  =  new  series. 
Not.  =  Notices. 
Ohsry.  :=  Observatory, 
p.  =  page, 
pi.  =  plates, 
portr.  =--  portraits, 
pt.  r=:  part, 
r.  =  reale. 
Rev.  =  Review. 
8.  ^^  series. 
8c.  -=  science,  scientitic. 
vol.  -=  volume. 


ASTRONOMICAL   BIBLIOGRAPHY.  743 

Abastuman  Observatory. 

VON  (ILASENAPP  (S.)     [Opening.]     Astron.  Nachr.,  130:  223.     1892. 
See,  alto.  Compt.  Kend.  115:  865.     1892. 

Aberration  (Constant  of). 

CoMSTOCK  (G.  C.)  Provisional  results  of  a  determination  of  tliB  constant  of 
aberration.     Astron.  Jour.,  11:  161-6,     1892. 

KCsTNKR  (F.)  Bestimmung  dor  Aberratious-constante  aus  Meridian-Zouitlidis- 
tanzeu  unabhungig  von  den  Schwankungen  der  Polhohe.  Astron.  Nachr.,  12C{ 
233-48.     1891. 

LoKWY  (M.)  and  PiliSEUX  (P.  H.)  Determination  de  la  constante  de  ruborra* 
tiou.     Compt.  Rend.,  112:  549,  1089.     1891. 

RoszEL  (B.  M.)  &  Annis  (B.  S.)  Solution  of  Strnve's  equations  for  the  deter- 
mination of  the  aberration,  taking  into  account  the  possible  variability  of 
the  latitude.     Astron.  .Jour..  12:  9-11.     1892. 

Adams  (J(»hn  Conch).     [1819-'92.] 

Dow.NiNQ  (A.  M.  W.)     [Biographical  sketch.]     Vrtljschr.  d.  astron.  Geftellsch., 

27 :  168-71.     1892. 
Glaisher  (J.  W.  L.)     [Biographical  sketch.]     Obsry.,  15:  173-89.     1892. 

For  Biography,  see,  also,  J.Brit.  AHtron.  A88ii..2  :19C.  1892.   Alto:  Montli.    Not  53:181-209, 
1892.    AUo:  Astron.  Jour.,  11 :112,  1892. 
For  Portrait,  teeJ.  Brit.  Aatron.  Assn.,  2:  AUo.  Obsry.,  15, 1892. 

Airy.  (George  Biddle).     [1801-^92.] 

DuxKiN  (E.)     [Biographical  sketch  of]  Sir  George  Biddle  Airy.    Obsry.,  15:  74- 

94.     1892.     Portr. 
Turner  (H.  H.)     [Biographical  sketch.]    Astron.  Nachr.,  129:  33-8.     1892. 

For  Biography,  tee  AHtron  Jour.,  11:  96;  Altoi   Compt.  Rend  114:  91.  1802;  Alto:  J.  Brit. 
Astron.  Assn.,  2:  193-5;  Alto:  Month.   Not.,  52,  212:29.    1892. 
For  Portrait,  «««  Obsry.,  15;  AltJ:  J.  Brit.  Astron.  Assn.,  2.  1892. 

Alabama  University  Observatory. 

[Description.]    11.    Pub.  Astron.  8oc.  Pacific,  3: 110.    1891. 

Algol.    See  Variable  stars. 

Altazimuth. 

Christie  (W.  H.  M.)     New  form  of  altazimuth.     Month.  Not.,  52:  480-4.     1892. 

Asteroid  8. 

Downing  (A.  M.  W.)    Orl»it  of  Flora.     Month.  Not.,  52:  585-96.    1892. 

Asteroid  80. 

Groeben  ( ).     Kesiiltate  einer  neuen  Bahnbestimmnng  des  Planeteu  80, 

Sappho.    Astron.  Nachr..  131:153.     1892. 

Asteroid  143. 

VON  Ha^erdtl  (E.)      Elenn^nte  nnd  Ephemeride.      Astron.  Nachr.,  128:193-8. 

1891. 
Asteroids. 

Backlund  (O.)     Bewegnng  einer  fifewissen  Grnppe  der  kleinen  Planeten.    54  p. 

4to.     St.  Petersb.  1892. 
Berberich  (A.)    Bahnneigun^  der  kleinen  Planeten.     AHtron.  Nachr..  129:265. 

1892. 
Kirk  WOOD  (D.)    Groups  of  asteroids.    Astron.  and  Astrophys,  11:  785-9.    1892. 

.    Similarity  of  certain  orbits.     Pub.  Astron.  Soc.  Pacific,  3:  95.     1891. 

Krueger  (A.)    Notiz  betr.  die  Nunimerirung  der  kleinen  Planeten.     Astron. 

Nachr.,  130:  1.59.     1892. 
Notation  for  the  asteroids.     Astron.  Jour.,  12:  15,  55.     1892. 
Wolf  (M.)    PhotographischeAufnahmen  von  kleinen  Phineten.    Astron. Naohr., 

129 :  338-42.    1892. 
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Asteroids  of  1890. 

Lehmanx  (P.)     Zimaimiieiistelluug  der  Plaiiet©ii-Ent4leckun«?eii  im  .lalire  1890. 
Vrtljschr.  d.  astrou.  Oesellsch,  26:  59-65.     1891. 

Asteroids  of  1891. 

Lkiimann  (P.)     Zusamiuenstelluiig  der  Planeten-Entdeckungeii  irii  .Tahre  1891. 
Vrtljschr.  d.  astron.  (Jesellsch,  27:  52-9.     1892. 

Astrology. 

Daubrek  (A.)     L'antrologie  et  lea  mctaiix.     I/A8troii.,  10:  363-73.     1891. 

Astronomers. 

Markwick  (£.  E.)     Evolution  of  an  amateur  astronomer.     J.   Brit.  AstroD. 
Assn.,  2:496-504.     1892. 

Astronomioal  Society  of  the  Paoific. 

HOLDEN  (E.   8.)    Address  of  the  retiring  president .  .  .  Mar.  28,  1891.    I'ub. 

Astron.  Soc.  Pacitic,  3: 103-10.     1891. 
PiERSON  (W.  M.)    Address  of  the  retiring  president  .  .  .     Mar.  26,  1892.    Pab. 

Astron.  Soc.  Pacific,  4:61-8.     1892. 

Astronomy. 

Ball  (K.  S.)     In  Starry  Realms.     10+371  p.  il  8\o.     London,  1892. 

.     Star-Land.     Being  talks  with  young  people  about  the  wonders  of  the 

lieavens.    8  -f-  376  p.    12mo. 
Chambers  (G.  F.)     I^ictorial  astronomy  for  general  readers.      15 -|- 268  p.  8vo. 

London,  1891. 
Clerke  (A.m.)     System  of  the    stars.     I{n\  by   Hale  (G.  E.).     Pub.  Astron. 

8oc.  of  the  Pacific,  3:  180-94.     1891. 
Denning  (W.  F.)      Telescopic  work  for  stnrliglit  evenings,  11  -\-'3iM  p.  il.  Hvo. 

London,  1891. 
Gore  (.J.  K.)    Star  gnjups :  a  student's  guide  to  the  constellations.     8v«»,    Maps. 

Lontlou,  1891. 
Lan<iley  (S.  p.)     The  new  astronomy.     New  ed.    8vo.     Boston,  1891. 
Markwick  (E.  E.)     Naked-eye  astronomy.     J.  Hrit.  Astron.  Assn.,  1:  188-94. 

189J . 
Wahkkn   (H.    W.)      Kecreations   in   astronomj'-   with   directions   f<»r  practical 

experiments  in  telescopic  work. 
Wolf  (1{.)     Handbuch  der  Astronomic,  ihrer  Geschichte  und  Litt«ratur.  Iteml. 

1.     16  -f  712  p.  il.  8vo.     Ziirich,  1891. 
YorN(J  (C.  A.)     Lessons  in  astronomy,   including  I 'ranography,  10-1-358  p.  il. 

8vo.     Boston,  1891. 

Astronomy  (Bibliography  of). 

Copeland  (R.)     ('atalogue  of  the  Crawford  library  of  the  Royal  Observatory, 

Ediulnirgh.    497  p.  4to.     Edinb.     1890. 
\ON  Gei.dekx  (O.)     Catalogue  t)f  the  library  of  the  Astronomical  Society  of 

the  Pacific   and  of  the  Alexander  Montgomery  Library.     Pub.  Astron.  Soc. 

Pacific,  3:303-32.     1891. 
Tatlock  (J.)      Index  to    *' Copernicus.'    Trans.  N.   Y.  Acacl.  Sc,  10:  87-102. 

1891. 
Wjnlock  (W.  C.)    Brief  bibliograjihy  of  astronomical  literature  for  the  year 

1890,  January  to  June.     Sid.  Mess.,  10:  83-9.     1891. 
,     Brief  bibliography  of  astronomical  literature  for  the  year  1890,  July  to 

December.     Sid.  Mess.,  10:356-62.     1891. 

Astronomy  (History  of). 

Brown  (R.)  jr.     Euphratean  stellar  r«'searchfs.     Proc    Sot-.  Biblical  Arcli«ol, 

14 :  280-304.     1892. 
Chambkrs  (G.  F.)     History  of  astronomy.     Sid.  Mess.  10:  457-62.     1891. 
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Astronomy  (History  of) — Continued. 

Epping  (J.)  and  Strassmaier  (J.  N.)     BabyloniHche  Mondbei>ba(!htungeu  au8 

"den  Jahreu  38  uud  79  der  Seleiiciden  Aera.  Ztschr.  f.  Aseyriol.  7:220-54.  1892. 

Rui>iX)FF  (G.)  «&  HOCHHEIM  (A.)     Die  Astronomie  des  Malimdd  ibn  Moliam- 

me<l  ibn  Omar  al  Gagmlnl.    Zt»chr.  d.  Deutsch.     Morgenliiudisch  Gesellsch.  27 

(Hft.  2).    21.3-75.     1892. 

WiTTSTKiN  (A.)     Historisch-astrononiische  Fragmont«  aus   der  orientaliHchen. 

Literatur.    30  p.  1  pi.  8"^.    1892. 

Astronomy  (Practical). 

Campbell  (W.  W.)     Handbook  of  practical  aHtronoiny.    168  ]).  8  \    Ann  Arbor, 
1892. 

Astronomy  (Progress  of). 

Astronomy  in  1890.    Sid.  Mess.,  10 :  133-6.     1891. 

Bouquet  DK  la G RYE  (.J.  J.  A.)    Progr^s  dd'astronomiecn  1891.     L'Astron.  11: 

180-8.    1892. 
Notes  on  some  points  connected  with  the  progress  of  :istn>nomy  during  the 

past  year  [1^].    Month.  Not.,  51 :  237-265.    1891. 
Notes  on  some  points  conn»K'ted  with  the  j)rogre88  of  astronomy  during  the 

past  year  [1891].     Month.  Not.,  52 :  270-304.     1892. 
Report  of  the  council  on  the  progress  of  astronomy  during  the  year  ending 

September  30, 1891.    J.  Brit.  Astron.  Assn.,  2 :  7-25.     1891 . 
Report  of  the  council  ou  the  progress  of  astronomy  during  the  year  ending 

September  30, 1892.     J.  Brit.  Astron.  Assn.,  3:  10-27.     1892. 

Astronomy  (TheoreticHl). 

Kloock   (H.)     Studien   zur  theoretischim   Astronomi**.      1   Ileft.     20  p.   8vo. 

Wilster,  1891. 
SorciiON  (A.)    Trait6  d'astronomie  tbeorique,  conteuant  Fexposition  du  calcul 

de.s  perturbations  plan^taires  et  lunaires,  etc.     501  p.  8vo.    Paris,  1891. 
Watson  (J.  C.)    Theoretical  astronomy.     Errata  by  W.  W.  Campbell.     Pub. 

Astron.  Soc.  Pacific,  3:  87-91.     1891. 

Atmosphere. 

»Vc  also  Refraction. 
MuLLKR  (G.)     Photometrische  und  spectroskopische  Heobachtungcn  angestellt 
auf  dem  Gipfcl  des  siintis.     101  p.    3  pi.    4to.     Potsdam,  1891. 

Pub.   d.  Astrophys  Obs.  zu  Potsdam.     No.  27;  (Bd.  8  Stiick  1).     liev.  hy 
Safarik  (A.)     Vrtljschr.  d.  astron.  Gcsdlsch.     27:243-55.     1892. 

Aurora. 

BiGELOW  (F.  H.)     New  aurorsi-inclinometer.     Sid.  Mesa.,  10:  496.     1891 

.     Reply  t-o  Professor  Nipher  on  "Tile  theory  of  the  solar  corona."     Am.  J. 

c,  141:505-7.     1891. 
.     Solar  corona;  an  instance  of  the  Newtonian  potential  function  in  the  cjmo 


of  repulsion.    Am.  .1.  Sc,  142:  1-11.     1891. 

— .     Solution  of  the  aurora  problem.     Am.  .1.  Sc.  141:  83-9.     1891. 


Azimuth. 

Jacobt  (H.)     Determination  of  azimuth  by  elongations  of  Polaris.     Month. 
Not.,  52:106.     1891. 

Baltimore  Astronomical  Society. 

[Organization.]    Astron.  and  Astrophys.,  11:789.     1892. 

Binary  stars.    See,  ulsOy  double  stains. 

Burniiam(S.  \V.)   Newbinary8tard/i416,Scorpiil85.   Sid. me88.,10:  489-91.    1891. 

.     New  binary  star  ft  208.     Astron.  siud  Astrophys,  11 :  464.     1892. 

Gore  (J.  E.)     Catalogue  of  biuary  stars  for  which  orbits  have  been  computed. 
Proc.  Roy.  Irish  Acad.,  v.  1.  No.  4. 
Alfo  Reprint. 
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Binary  stara — Cnntinned. 

MON'CK  (W.  H.  8.)     Spectra  of  binary  stars.     Astron.  and  AstrophyH.,  11:326. 

1892. 
PiCKKRiNtJ  (E.  C.)    Gloats  binary  stars.     Siil.  Moss.,  10:  5.     1891. 
See  (T.  J.  J.)     EpccutrioiticH  of  the  orbits  of  binary  stars.     Sid.  Mess.,  10:^7. 

1891. 
VoGEL  (H.  C.)     Beobachtnngen  der  anf  spectroj^raphisfbom  Wej^e  aiif«^efun- 

denen  Biniiren  Systeme  fi  Aurigae  uud  C  Ursae  iiiajoris  aiif  deni  PotiMl.imer 

Observatorinm.     Astron.  Nachr.,  126:  265-72.     1891. 

Briinnow  (Franz  Friedrich  Ernst)  [1821-'91]. 

KruegerCA.)    Todes-Anzeige.    Astron.  Nachr.,  128:  205-8.     1891. 

For  i?k>srra;>Ay,  <««  a{«o,  Pub.  A stron  Soc.  Pnciflc,  .'{::$67.    1892r    ^<m>,  Month.  Not.,  52:230 

1892. 
For  Vorirait^  tee  Pub.  Astron.  Soc.  Paciflc,  3, 

Calendar. 

Flammarion  (G.)     Guriosit^Ss  du  calendrier.     il.     L'Astron.,  11 :  20-5.     1892. 
McFARiJkND  (R.  \V.)     A  ])«rpetual  cabnidar.     Sid.  Mess.,  10:  129-31.     189J. 
Servier  ( — .)    Calendrier  perp6tuol.     L' Astron.,  11:  260-5.     1892. 

Camphansen  (Gottfried  Ludolph)  [1803-'90]. 

VoGEL  (H.  C.)    Todes-Anzeige.     Astron.  Na<-hr.,  126:  3^13.     1891. 

Capodimonte  Observatory. 

Angeutti  (F.)    Nuova  determinazione  della  latitudinc  del   R.  Osscrvatorio  di 

Capodimonte.     Astron.  Nachr.,  130:  429-34.     1892. 

Carleton  College  Observatory. 

Payne  (W.  W.)     [Description  of  the  observatory  and  instruments.]     il.    Pcb. 
Astron.  Soc.  Pacific,  3:  85-7.     1891. 

Chamberlin  Observatory. 

[De8CRII»tion.]     Sid.  MesH.,  10:  400.     1891. 

Chronology. 

Lynn  (W.  T.)    Ancient  chronology  and  eclipses.   Astron.  Jonr.,  11 :  43, 82.    1891. 
Stockwell  (J.  N.)    Eclipses  and  chronology.     Astron.  Jonr.,  11 :  57-9.    1891. 

.     Rectification  of  chronology  by  means  of  ancient  eclipses.     Astron.  Joar., 

10:  185;  11:  5,28.     1891. 

Supplement  to  recent  contributions  to  chronology  and  eclipses.     Astron. 


Jour.,  12 :  121-5.     1892. 

Chronometers. 

Lec'SCIINER  (A.  O. )     Thermometric  chronometer  of  the  Lick  Observatory.    Fab. 
Astron.  Soc.  Pacific,  3:  177-80.     1891. 

Circle  divisions. 

Bruns   (H.)    Untersncbnng  einer  Wanschaff'schen  Theilnng.     Astron.  Nachr., 
130:  17-42.     1892. 
Clark  (George  Bassett)  [1827-^91]. 

Brashear(J.  A.)     [Biographical  sketch.]     Astron.  and  Astropbys.,  11 :  367-72. 
1892. 

For  Portrait,  aef  Ibid. 

Collimation. 

TTPDEGRAFF   (M.)     Method   for  determining  the   collimation   of   the  portable 
transit  instrament.     Astron.  Jour.,  10:  169.     1891. 

Gollimators. 

Turner  (H.  fl.)     Observations  for  coincidence  of  the  coUimat-ors  through  the 
cube  of  the  transit  circle.  Greenwich.  .  .  Month  Not.,  52:  146-53.     1891. 

Colored  stars. 

Franks  (W,  S.)  and  oiherti.     DotermuvaVVowoVHUvr colors.    J.  Brit.  Astron.  Assn., 
1 :  301-^.    1891. 
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Colored  stars — Continued. 

Lrvandek  (F.  \V.)  Determination  of  the  colors  of  stars.  J.  Brit.  Astron. 
Assn.,  1:  195-7.     1891. 

Comet  Brorsen. 

Lamp  (E.)     Der  Brorsen'  scho,  Comet.  1.  Theil:  die  Verbindung  der  Erscheinun- 
gen  1873  und  1879  und  die  Voransberocbnung  fiir  1890.    68  p.  4to.   Kiel.    1892. 
Pub.  d.  k.  Stemw  in  Kiel.  7. 

Comet  Encke. 

Backluj^d  (O.)  Calruls  et  recherches  sur  la  comote  d'Encke.  Partie  I:  Tables 
ponr  le  calcnl  de  Tanomalie  excentrique  et  du  logaritbme  dn  rayon-vect'eur. 
60  p.  4to.    St.  P^^tersb.     1892. 

Comet  Temple-Swift. 

BossKRT  (J.)     Retonr  de  la  comfete  en  1891.     Bnll  Astron.,  8:  185-91.     1891. 

Comet  1402. 

Helmolt  (— .)     Comet  vom  Friibjahr  1402.     Astron.  Nachr.,  129:  301-6.    1892. 

Comet  1689. 

HoLETScriEK  (J.)  [Bahn  der]  Cometen  des  Jabrcs  1689.  Astron.  Nacbr.,  129: 
323-8.     1892. 

Comet  1840  I. 

Rechexberg  (G.)  Definitive  Bahnbrstimmniigdes Cometen  18401.  Astron.  Nacbr., 
131 :  249-60.  1892. 

Comet  1840  IV. 

8chultz-Stkinhetl(C.  A.)  Definitive  Bahnelement^.  .  .  28p.  4to.  Stockholm, 
1891. 

Comet  1857  m. 

K5NIG  (B.)  Bestimmang  der  Bahn  des  Cometen  1857  III.  Astron.  Nacbr.,  128: 
385-92.     1891. 

Comet  1867  I. 

Becker  (L.)    Orbit  of  the  periodic  comet  1867  I.   Month  Not.,  51 :  475-94.   1891. 

Comet  1873  VII. 

ScfiULHOF  (L.)     [Orbite  de]  la  comi'te  1873  VII.  Bnll.  Astron.,  9:  118-21.  1892. 
ScHULHOF  (L.)  and  Bossert  (J.)     [Identity  des  comi^tes  1873  VII  et  1818  I.] 
Bull.  Astron.,  8: 24-6.     1891. 

Comet  1881  VIII. 

CONIEL  (J.)     [Orbite  de  la  comete  1881  VIII.]  Bull.  Astron.,  9:  441-65.     1892. 

Comet  1882  II. 

Kkeutz  (H.  )  .Untersucbungen  iiber  das  System  der  Cometen  1843  1, 1880  I,  und 
1882  II.  Theil  IL  Der  grosse  September.  Comet  1882  II.  (Fortsctzung.)  67. 
p.  4to.    Kiel,  1891.     Pub.  d  Kiel  Stmwrt.    6. 

Comet  1885  III. 

GallenmCller  (J.)  Definitive  Babnelemente  .  .  .  Astron.  Nacbr..  130:  345-64. 
1892. 

Comet  1886  IV. 

Oppenheim  (S.)  Bahn  dos  periodiscben  Cometen  1886  IV  (Brooks.)  Astron. 
Nacbr.,  128 :  297-:^06.     1891 . 

Comet  1887  III. 

HEINRICIU8  (P.  A.)  Definitive  BabnelenuMite  des  Cometen  1887  III.  Astron. 
Nacbr.,  128 :  161-70.     1891. 

Comet  1887  IV. 

Abetti  (A.)     Orbita  della  conieta  1887  IV.     Astron.  Nacbr.,  126:  177-211.     1891. 
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Comet  1887  IV— Contiiinod. 

Chandlkr  (S.  C.)      [Comparison   of   AhettfH  an<l  Mnller's   orbits.]     Astron. 
Jour.,  10:  166.     18HI. 

Comet  1889  V. 

Chandler  (S.   C.)      Deliiiitive  orbits  of  the   compaiiioiiH  of   ooinet  1889  Y. 

Astron.  Jour.,  10:  153-6:^.     1891. 
Poor(C.  L.)     Action  of  Jupiter  .  .  .  Astron.  Jour.,  11:  30.     1891. 

Comet  1890  II. 

BiDSCHOF  (F.)     Hestininiuu^  dcr  Balin  .  .  .  IS  p.  8vo.     Wien,  1891. 

Comet  1890  IV. 

Barnard  (E.  E.)     Strange  astronomical  coincidence.     Sid.  Mess.,  10: 18.    1891. 

Comet  1890  VII. 

Tennant  (J.  F.)     Orbit  of  Spitaler's  comet.     Month  Not.,  52 :  29.     1891. 

Comet  1892  I. 

Barnard  (E.  E.;     Observations  and  photographs  .  .  .     Astrou.  and  Astrophys. 
11 :  386-8.     1892. 

Comets. 

Barnard  (E.  E.)    Classification  of  the  periodic  comets  by  their  physical  app€ar- 

an<'e.     Astron.  Jour.,  11:  46.     1891. 
Bkrbkrich   (A.)     Bemerkung  zu  Deichmiiller  '*  Ueber  die  Vorausberechnung 

der  Cometen-Helligkeiton  "    Astron.  Nachr.,  131:  75.     1892. 
Coaklky  (G.  W.)     Tidal  theory  of  the  forms  of  comets.   Astron.  and  Astrophys., 

11 :  177-89.     1892. 
DeichmOller  (F.)     Photometrie  der  Cometen.    Aatrou.  Nachr.,  131 :  30D.    1892. 
.   Voransbereehniing  der  Cometen-Helligkeiten.   Astron.  Nachr.,  131:  33-42. 

1892. 
Hi<:rz  (N.)     Elektro-statische  Hypotheseder  Cometonschweife.     Astron.  Xachr.. 

129:345-52.     1892. 
HoLKT.sciiEK  (J.)     Beobaohtnng  und  die  Herechnnng  von Cometen-IIclligkeiten. 

Astron.  Nachr.,  131 :  239-46.     1892. 
KiAKR  (II.  J.)    Th^orioH   des   <|U»ni<i.H  conK^taircs.     Astron.  Nachr.,  126:  281-9'2. 

1891. 
Kleiber  (J.)     (Tesammtzahl   der  Cometen  im   Sonnensystem.     Astron.  Naclir., 

130:  121-5.     1892. 
Kruegkr  (A.)     Berecbnung  der  Stornngen  der  periodischen  Comet^^n  dnrcU  die 

der  Sonne  nahen  Plan^ttMi.     Astron.  Nachr.,  129:  65-74.     1892. 
MONCK  (W.  H.  S.)     Comets  and   the  galaxy.     J.  Brit.  Astron.  Assn.,  2:212-6. 

1892. 
Newton  (H.  A.)    Capture  of  comets  by  planets,   especiallj'  their  capture  by 

Jupiter.     Am.  J.  Sc,  142:  183,  482.     1891.     Aho  Reprint. 

.     Capture  of  comets  by  planets.     Astron.  Jour.,  11:  73-5.     1891. 

Rev.  hy  LulmiinnFillios  (R.)    Vrtljschr.  d.  Ai^tnm.  Gt'SolUch..  27:  180-6. 1892. 
Plummer  (W.  E.)     Coraetary  notes.     Obsry.,  15:  308,  339.     1892. 
Scin^LiioK  (L.)     Grandes  perturbations  des  cometes  p^riodiquos.     Bull,  .'wtron.. 

8:225-51.     1891.     See  aho,  Ibid.  147,  191. 
WoLF(M.)  Notiz  iiber  photograph ii-te  Meteoriten  und  Cometen.  Astron.  Nathr. 

129:101.     1892. 

Comets  and  meteors. 

MoNCK  (W.  H.  8.)   Further  note  on  comets  and  met«*ors.    Astron.  and  Astropliv;*.. 
11 :  274-^.     1892. 

Comets  of  1890. 

Kreutz  ( H.)     Zusammenstelluug  <ler  Cometen-Erscheinungen   des  Jahnw  ISJC. 
Vrtljschr.  d.  astron.  Oesellsrh.,  26:  65-81.     1891. 
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Cometa  of  1890 — Con  tinned. 

[List  of  comets  of  1890.]     Month.  Not.,  51 :  238.     1891. 
[List  with  elements.  J    Astron.  Jonr.,  10: 176.     1891. 
Comets  of  1891. 

Kreutz  (H.)    Zusammenstellnng  <ler  Cometeu-Erscheinungen  des  Jahres  1891. 

Vrtljschr.  d.  astron.  Gesellsch.,  27:  60-9, 1892. 
[LiBT  of  comets  of  1891.  ]    Month.  Not.,  52 :  271-4.    1892. 
[List  with  elements.]    Astron.  Jour.,  11: 168.    1892. 

CTomets  of  1892. 

Campbell  (W.   W.)    Comets  of  1892  and  their  spectra.     Pub.  Astron.  Soo. 

Pacific,  4 :  248-50.    1892. 
Cpomets  (Orbits  of.) 

Kkrutz  (H.)    Bericht  Qber  Cometen.     Vrtljschr.  d.  astron.  Gesellsch.,  26:  306-^. 

1891. 
SCHULHOF  (L.)     Sar  les  graudes  perturbations  des  cometes  pdriodiques.     Bull. 

astron.,  8: 147,  191.    1891. 
Weiss  (£.)    Berechnnng  einer  Kometenbahn  mit  Beriicksichtigung  von  Glied- 

ern  hoherer    Ordnung.     Sitzungsber.  d.  k.  Akad.  d.  Wessensch.  Wicn.  mntb. 

naturw,  cl.  100 :  1132-50  (Abth  2  a). 
Crodrdinates  (Transformation  of). 

Fraxke  (J.  H.)      Transformation     rechtwinklig-spbiirischer     (geodiltischer) 

Coordinaten  auf  none  Normalpunkte.     Astron.  Nachr..  126:  353-8.     1891. 
Negkkk  (K.)    Transformation  sphiirischer  Coordinaten.      Astron.  Nachr.,  130: 

49-54.    1892. 
C^orona. 

BiGELOW  (F.  H.)     Extension  of  the  corona  and  the  details  of  it-s  structure. 

Obsry.,  14 :  50-2.     1891. 
.    Period  of  the  rotation  of  the  sun  near  the   poles,  as  derived  from  the 

coronas  of  1878  and  1879.     Pub.  Astron.  Soc.  Pacific,  3:  201-16.     1891. 
.    Law  of  the  Kolar  corona.     Pub.  Astron.  Soc.  Pacific,  3 :  34-9.     1891. 
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Charroppin(C.  M.)  Coronal  extension.  Pub.  Astron.  Soc.  Pacific,  3:  26-30.  1891. 

Pritchett  (H.  S.)    Solar  corona  of  Jan.,  1889,  from  the  photographs,     il.     Pub. 
Astron.  Soc.  Pacific,  3:  155-62.     1891. 

PUPIN  (I.)     Electrical  discharges  through  poor  vacua,  and  on  coronoidal  dis- 
charges.   Astron.  and  Astrophys.,  11 :  483-96.     1892. 

Schaeberle  (J.  M.)     Some  physical  phenomena  involved  in  the  mechanical 
theory  of  the  corona.     Pub.  Astron.  Soc.  Pacific,  3:  70-3.     1891. 
3ounogony. 

Backhouse  (T.  W.)     Structure  of  the  sidereal  universe.      21  p.,  11  pi.    4to. 
Sunderland,  1891.     Publns  West  Herndon  House  Obsry.,  1. 

See  (T.  J.  J.)    Origin  of  the  stellai  systems.     Sid.  Mess.,  10:  179-87.     1891. 
Crow^borongh  Observatory. 

Roberts  (I.)    Isaac  Robert's  new  observatory  on  Crowborough  Hill,  Sussex 
[Eng.].     Mouth.  Not.,  51 :  118.     1891. 

Defective  llluxniuation. 

AvDiNG  (E.)     Lichtvertheilung  auf  einer  unvollsttindig  beleuchteteu  Planeten- 
scheibc.     Astron.  Nachr.,  129:  377-88. 

Domes. 

Christie  (W.  H.  M.)     New  dome  to  be  erected  at  the  Royal  Observatory,  Green- 
wich,    il.     Month.  Not.,  51 :  436-8.     1891. 

Double  stars. 

Burxfiam  (S.  W.)     Companion  of  Aldebaran.     Month.  Not.,  51:  311-3.     1891. 

.     Companions  to  Keguliis.     Month.  Not.,  51:  460.     1891. 

.    Double-star  (lisroverieM  and  measures  made  in  1891  with    the  l>6-inch 

equatorial  of  the  Lick  Observatory.    Astron.  Nachr.,  130 :  257-34*2.    1892- 


i 


?50  ASTftONOMlOAL 

donble^  Btara^'-Ooatiuued. 

--=^.     irivisibiti  rtaiible  stafs.     il.     Month.  Nfrt.,  51:  388-95.     1891. 

.     MdtiOtl  of  30  Dfrfcmiis.     il.     Moflth.  Not.,  t>\  ;  459,     1891. 

.     Motion  of  S  2325,     Mdnth.  Ncrt.,  52 :  97-lOd     1891, 

.     Note  on  ...  :S  186.     Si<l.  UenH.f  lO:  72.     1891, 

.     Orbit  of  OS  269.     Ob8ry.,  14 :  263.     l^Ji. 

.     Orbit  of  K  Pegasi  (ft  989).     Month.  Not.,  51 !  31d-6,     1891, 

.     Orbit  of  /3  Delphini.     Sid.  Mess.,  10:  215.     1891. 

.    Orbit  of  02  285.     Sid.  Mess.,  10:  273-5.     1891. 

.     Proper  motion  of  S  1321.     Sid.  Mess.,  10:  168-71.     1891. 

CoMSTOCK  (G.  C.)     [Huruham's  method  of  observing]  double  stars.   Sid.  Mess., 

10:  277-9.    1891. 
Glaskxapp  (S.)     flrthil  cte.H  Doppclsterns  ,3  883.     Astron.  Na<-hr.^  130:  409.   1892, 

.     Bahn  des  Doppelstefuf*  8  ^xtantis.    Astron.  Nachr.,  130  r  411-5.    1892. 

.     Beiittimmnug  der    Bahu    ctoS   i^c^wlrt^rns   (p   Ursa;   Majoris.      Astron, 

Nachr.,  130:415-22. 

.     Orbit  0^9  Argfts,  (3  101.     Month.  Not.,  62  J  54(>.     1892. 

.     Orbit  of  the  double  star  k  Pegasi.  A.   C.     Mmth,  Kot.,  52:548.    1892, 

.     Orbitof2  186.    Astron.  Joiir,,  11:  41, 71.     1891.  ^ 

.     Orbit  of/?  612.     Astron,  and  Astrciphys,  11 :  46.     1892. 

GoUE(J.  E.)     Orbit  of  02  269.     Month.  Not.,  52:  550.     1892. 

.     Orbit  of)  Corouaj  Australis.     Month.  Not.,  52:  503.     1892. 

.    Orbit  of  y  Centauri.     Month.  Not.,  52:  .505.     1892, 

.     Orbit  of  37  Pegasi  (2  2912).     Astron.  Nachr.,  131 :  137-     1892.  . 

.     Orbit  of  2  2525.     Month.  Not.,  53 :  44.     1892. 

Hall  (A.)    Notes  on  doable  stars.     Astron.  Jour..  12:  4,33.     1892. 

.     Relative  motion  of  61  C'ygui.     Astron.  .Tour.,  11 :  140.     1892. 

Leavexworth  (F.  p.)    Personal  error  in  observations  of  position  angle.    Sid. 

Mess.,  10:  116-9.     1891. 
Lewis  (T.)     Orbit  of  36  Andromeda-  (1  73).     Month.  Not.,  51 :  462-«j.     1891.       | 
Pickering  (E.  C.)    Discovery  of  double  stars  by  means  of  their  spectra.     ABtron. 

Nadir.,  127:  155.     1891. 
Powell  (E.  B.)    Note  on  the  orbit  of  «  Centauri.     Month.  Not.,  .52:  506-8.    1892. 
See  (T.  J.  J.)    Origin  of  the  stellar  systems.     Obsry.,  14  :  115-22.     1891. 

.    Great  excentricities  of  the  stellar  orbits.     Obsry.,  14:  92-5.    1891. 

Sellors  (R,  p.)    Orbit  of  y  Corona?  Australis.     Month.  Not.,  53:  45-7.     1892. 
VooEL  (H.  C.)    Remarks  on  Mr.  Fowler^s  note  on    the  duplicity  of  a  Lyne. 

Month.  Not.,  51 :  104-8.     1891. 
.     Periode  von  «  VirginiH.     Astron.  Nachr.,  127:  255.     1891. 

Double  stars  (Orbits  of). 

Ramraijt  (A.  A. )  Determination  of  double-star  orbits  from  s]»ectroscopic  obser- 
vations of  the  velocity  in  the  line  of  sight.    Month.  Not.,  51 :  316-30.    1891. 

.     Geometrical  method  of  finding  the  most  probable  apparent  orbit  of  a 

double  star.     4  p.,  2  pl.,8vo.     Dublin  1891.     Repr.  from  Proc.  Roy.  Soc.  Dnbl. 

Earth. 

CoRNU  (A.)     Researches  on  the  mean  density  of  the  earth.     Month.  Not.,  51: 

446.     1891. 
Flammarion  (C.)     Comment  arrivera  la  tin  du  monde.     L' Astron.,  11:  416,  457. 

1892. 
Haupt  (P.)     Momentanbewegungen  der  Erdaxe.     Astron.  nachr..  129:  249-58. 

1892. 

Earth  (Orbit  of). 

Hall  (A.),  jr.     Secular  i)erturbati<»ns  of  the  earth  produced  by  the  action  of 

Mars.    Astron.  Jour.,  11:  2.5-8.     1891. 
Innes  (R.  T.  A.)    Secular  perturbations  of  the  cjirth's  orbit  by  Mars.    Month. 
Not.,  52:  80,479.    1891. 
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BcilpBe  bf  the  duu^  18^9)  Jan.  1. 

^FSi^oUt  of  tbe  obseirvatioiis  made  by  the  Washiugtou  uulversity  eclipse  party 

at  Xorman,  Cal 39  p.  7  pi.    4to.     Cambridge,  1891. 

Upton  (W.;  aud  Rotch  (A.  L.)    Meteorological  and  other  observationn at 

Willows,  Cal.    34  p.     11.    4to.     Cambridge,  1892.     Ann.  Harv.  Coll.  Obsry., 

V.  29,  No.  1. 

Eclipse  of  the  Sun,  1893,  April  15-16. 

Pkitchett  (H.  S.)     [Observing  stations  available.]     Astrou.   and  Astrophys., 

11:  454-7.     1892. 
Todd  (Dt  Pi)    Data  (dhietly  lUeteorological)   bearing  upon  the    selection   of* 
[bb.<4oi^ving]  ntatioudi    84  pt  8vot  [n.  p.  1892].     Repr.  from  Am.  Meteorulog.  J. 

Eclipses. 

Ti88RRANi>  (F.)  Movement  de  la  luue  et  les  plus  aucienues  <Sciip8eii.  ili  1/Afl- 
tron.,  11:  161-71.     1892.  * 

Eclipses  of  the  Moon. 

Hautmanx  (J.)  Vcrgrusseruug  des  Krdschattens  bei  Mondtiusteruissen . 
Abhaudl.  d.  math.-phys.  CI.  d.  k.  sach.  Gesellsch.  d.  Wisseu.,  17:  365-553. 
1891. 

Rev.  by  Sot^le^er  (H.)    VrtVjachr.  d.  atstron.  Gesellsch.,  27:  186- 2W).    1892. 

Eclipses  of  the  Son. 

Gruky  (L.  J.)  Formule.s  ecliptiques  de  Hansen  simpllA^es  et  ddmontr^es  g4o- 
mc^triciuement.     11.     Bull.  Astrou.,  9:  233,  286.     1892. 

Electrical  illumi  nation. 

Marci'sb  (A.)  Kinrichtung  ziir  elektriMchen  Beleuchtung  astronomischer 
Inetrumeute.    Astron.  Nachr.,  130:  41.     1892. 

Errors. 

CzDBii:R(E.)    Theorie  der  Beobachtaugsfehler.    12-f418  p.  8vo.    Leipzig  1891. 
kefi.  by  BarucU  (A.)    Vrtlj^chr.  d  astrou.  GesellHcli.,  27 :  4-12.     1892. 

Lrhmanx-Filh^s  (R.)   Wahrscheinliclistft  Fehlervertheilungen.  Astron.  Nachr., 

127;  305-15.     1891. 
Vl'fLTMAN>f  (W.)    Theorie  der  Boubachtungsfehler,     Astron.  Nachr.,  131;  1-16. 

1892. 

Plezure. 

Gruey  (L.  .1.)  Mesure  directe  de  la  flexion  dii  limbe  d'un  cercle  m^ridien  par 
ses  propreM  microscopes,    il.     Bull.  Astron.,  8:  67-72.     1891. 

aeaaspariB(Annibale)  [1819-'92.] 

Feroola(E.)    Necrologia.    Astron.  Nachr..  129: 247.     1892. 

Cstoutier  (Cmile)  [1822-'91]. 

Wolf  (R.)    Nccrolog.     Vrtljschr.  d.  astron.  Gesellsch.,  26:  185-92. 
Tor  biojraphy  «<•%  also.   Aatron.  Nachr.,   126:  383.    1891. 
For  Portrait,  sva  Vrtljschr.  d.  astron.  Gesellsch.,  26. 

Gtogenschein. 

Barnard  (E.  E.)  Observations...  made  at  Mount  Hamilton,  1888-'91.  Astron* 
Jour.,  11:19.    1891. 

Gtoodsell  Observatory. 

Williams  telescope  of  Goodsell  Observatory.     Sid.  Mess.,  10:  354,  376.     1891. 

Grant  (Robert)  [1814-'92]. 

C.  (R.)  [Biogra  pbical  sketch]  Nature.  47:  36.  (1892,  Nov.  10.)  Also:  Astron^ 
and  Astrophys.,  11 :  878-80.    1892. 

Gravity. 

Mrn'DENHall  (T.  C.)  Determinations  of  gravity  with  half-second  pendulums 
on  the  Pacilic  coast,  in  Alaska  and  at  Washington,  D.  C,  and  Hoboken.  62 
p.    8vo.  Washington,  1882.    App.  15.     Rept.  U.  8.  C.  and  G.  Surv.    1891. 
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Harvard  College  Observatory. 

ExPEDiTioxto  tho  Southern  hemisphere.  Pnb.  Astoti.  Soc.  Pacitic,  3 :  128.  1891. 
Fleming  (M.)    Harv.ard  College  Observatory  astronomical  expedition  to  Peru. 
Pub.  Astron.  Soc.  Pacific,  4:  58-62. 

Pickering  (K.  C.)  A  large  southern  telescope.  Astrou.  and  AstrophyH., 
11 :  783-5.     1892. 

.  [Suggesting  subscription  for]  a  large  southern  telescope.  3p.  4to.  Cam- 
bridge, 1892. 

Pickering  (W.  H.)  Mountain  station  .  .  .  [at  Arequipa,  Peru],  il.  Astroo. 
and  Astrophys.     11 :  353-C2.     1892. 

vonHaynald(Ludwig)  [1816-'91.] 

Fenyi  (J.)    Todcsauzeige.     Astrou.  Nachr.,  128:  15.     1891. 

Heliometer. 

Gill  (D.)    Reduction  of  distances  from  heliometer  observations,     il.     Astroo. 

Nachr.,  131:  185-92.     1892. 
LORKNTZEN  (G.)     IJntersuchuug  der  Scalen  elnes  Heliometers.     Astron.  Nachr., 

131 :  217-38.     1892. 
Sciiuii(W.)    Systematische  Correctioncn  von  Distanzmessuugen  am  Helintur 

ter.  Astrou.  Nachr.,  131 :  381.     1892. 

Interpolation. 

FRI8CIIAUF  (J.)     Genauigkeit  interpolirter  Zahleu.     Astron.  Nachr.,  130: 123. 

1892. 
Radau  (K.)    Itltudes  sur  les  formulus  d'interpolation.     Bull.  Astron.,  8:273, 

325,  376,  425.     1891. 

Jnpiter. 

Barnard  (E.  E.)     Observations  of  the  plauot  Jupiter  and  his  satellites  during 

1890  with  the   12-inch  equatorial  of  the  Lick  Observatory.     MoutD.  Not., 

51:543-55.     1891. 
.    Observations  of  the  spots  and  markings  .  .  .     Month.  Not.,  52:  7-16. 

1891. 
Clerke  (A.  M.)    Jupiter  aud  his  system.    44  ]>.  8vo.     London,  1892. 
Elger  (T.  G.)     Recent  disturbance  in   th«  northern  hemisphere  of  Jupiter 

Obsry.,  15:  109-12.     1892. 
Flammakiun  (C.)    D^couvertcs  r<^cent«8  sur  Jupiter,    il.     L'Astron.,  11 :  81-93. 

1892. 
•  Holdrn  (E.  S.)  and  Campbell  (\V.  W.)    Negatives  c»f  Jnpiter  mado  with  the 

great  telescope  of  the  Lick  Observatory  during  1891.     Month.  Not.,  52:  490. 
Kbkler  (J.  E.)     Red  spot  on  Jupiter.     J.  Brit.  Astron.  Assn.,  1:  435.     1891. 
Landerer  (J.  J.)    Les  dimensions  et  la  latitude  joviceiitriquc  dv  la  taehe  ronge 

de  Jupiter.     Bull.  Astron.,  9:  24&-8.     1892. 
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ruins  repaired  by  Cosmos  Mindeleif 54 

Cases  shipped  by  Exchange  Bureau 5J),  60 

Castor  canadeusis  added  to  Zoological  Park 73 

Cat'dlogue  of  prehistoric  rocks  east  of  the  Rocky  Mountains 53, 54 

Catlin  gallery  collection  of  Museum,  increase  in 21, 23 

Caudisona  miliaris  added  to  Zoological  Park 73 

Cave  in  Stone  County,  Mo.,  examination  of 50 

Cavia  aperea  added  to  Zoological  Park 73 

Cebas  capucinus  added  to  Zoological  Park 73 

hypoleucus  added  to  Zoological  Park 73 

Cegiha  language,  paper  on,  by  J.  Owen  Dorsey 57 

Cenozoic  fossils  collection  of  Mnseiim,  increase  in 22, 23 

Census  Office,  exchanges  of 62 

Cercoleptes  caudivulvus  added  to  Zoiilogical  Park 73 

Cercopithecus  diana  added  to  Zoological  Park 73 

Chancellor  announced  election  of  new  member  of  executive  committee x\'i 

Changes  in  Board  of  Regents 2 

Charts  received  by  the  library , 15,  74 

Chelydra  serpentina  added  to  Zoiilogical  Park 73 

Chemical  compounds,  physical  action  of,  investigations  of 7 

products  collection  of  Museum,  increase  in 21, 23 

Chenault,  CO.,  presented  bald  eagle 71 

coati-mundi 71 

turtle 72 

Cherokees,  sacred  formulas  of  the,  paper  on,  by  J ames  Mooney 57 

Chesapeake  Bay,  shell  deposits  of,  examination  of 49 

Cheyennes,  visited  by  Mr.  Mooney 52 

Child,  C.  T.,  assistant  in  Astro-physical  Observatory 10 

Chile,  exchange  agency  in 65 

transmissions  to 66, 68 

Chillicothe  work,  Ohio,  resurvey  of 49,  50 

China,  collections  made  in 10 

exchange  agency  in 65 

transmissions  to 66,  68 

Chiuookan  bibliography,  work  on 56 

Crax  alector  a«lded  to  Zoological  Park 73 

Christiania,  Norway,  exchange  agency  in 65 

University  of,  sent  publications 75 

Chrysemys  picta  added  to  Zoological  Park 73 

Chrysothrix  sciurens  added  to  Zoological  Park 73 

Chack-moUy  added  to  Zoological  Park 73 
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Chuquisaca,  exchange  agency  in 65 

Cinnamon  bear  i»re8euted  to  Zoological  Park 71, 73 

Circus  budsonius  added  to  Zoological  Park 73 

Clark,  E.  B.,  presented  marsh  hawk 71 

Clarke,  Prof.  F.  W.,  a  member  of  the  Hodgkins  fund  committee 20 

Clerical  force  of  National  Mnsenm 25 

wtirk  in  Exchange  Burean 63 

Coaiisus  added  to  Zoi'dogical  Park 73 

Coast  and  Geodetic  Survey,  exchanges  of 62 

to  bo  accessible  to  scientific  investigators xlvii 

Coati-mundi  presented  to  Zoological  Park 71, 73 

Cojlogenys  paca  added  to  Zoological  Park 73 

Codices,  study  of,  by  Cyrus  Thonuis 54 

Coin  collection  in  Museum,  increase  in 21, 22 

Colapter  auratus  added  to  Zoological  Park 73 

Coleman,  G.  B.,  presented  marsh  hawk 71 

Collections  of  the  Zofdogical  Park,  additions  to 45 

policy  of  Government  with  reference  to 16 

preservation  of.  Congressional  appropriation  for 5 

estimates  for  1893 6 

C(dombia,  exchange  agency  in (5 

transmissions  to ^ 66, 68 

Columbian  Exposition,  collections  made  for 51,  52,  53, 54, 55 

for,  made  by  officers  of  Bureau  of  Ethnology .  27, 28 

Museum  exhibit  for 27 

Historical  Exposition  at  Madrid,  Congressional  act  relative  to xlviii 

Commission  of  Fish  and  Fisheries,  exchanges  of 62 

Commissioner  of  Patents,  exchanges  of 62 

•  Weights  and  Measures,  exchanges  of 62 

Committee  appointed  on  matters  relating  to  the  Hodgkins  fund 20 

Compagnie  Gencrale  Transatlantique  grant  free  freight 64 

Comparative  anatomy  collections  of  Museum,  increase  in 22, 23 

Compensations  paid  for  exchanges 61 

Completion  of  bridge  in  Zoological  Park 69 

Comptroller  of  the  Currency,  exchanges  of 62 

Conant,  Levi  L. ,  paper  on  primitive  number  systems 583 

Condition  of  exhibition  halls  of  National  Museum 24 

Smithsonian  fund xxiii 

Congress  asked  to  refund  money  advanced  for  exchanges 14, 15 

exchanges  of 62 

letter  to,  accompanying  annual  report  for  1892 iii 

Congressional  acts  and  resolutions  relative  to — 

Astro- physical  Observatory xlvii 

Bureau  of  Ethnology ^ xlvii 

Columbian  Historical  Exposition  at  Madrid xlviii 

InteniaUoual  exchanges xlv 

National  Museum xlvi 

National  Zordogical  Park xlvii 

Smithsonian  Institution xlv 

WorhVs  Columbian  Exhibition  at  Cliicago xlviii 

C  ongressional  appropriations  for — 

Bureau  of  Ethnology.     {See  North  American  Ethnology). 

Astro-physical  Observatory xlvii 

Columbian  Historical  Exposition  at  Madrid xlviii 


INDEX.  783 

Congressional  appropriations  for —  Page. 

International  cxchanj^cs xxiii.  xxv,  xlii,  xlr,  13, 14, 60, 61 

Niitional  Museum xxv,  xxvii,  xxviii,  xxix,  xxx,  xxxi.  xxxii,  xxxiii,  xxxiv, 

XXXV,  xxxvi,  xxxvii,  xxxviii.  xxxix,  xlii,  xlvi,  xlvii,  7 

National  Zoolopfical  Park xiii,  xxi,  xxxviii,  xxxix,  xl,  xlii,  xlvii, 

32, 33,  34, 35, 36, 37, 38, 39 

North  American  Ethnology xxv,  xxvi,  xlii,  xlvii,  7 

Perkins  collection 16 

Miscellaneous  expenses xx 

Smithsonian  Institution xl,  xli,  xlii,  xlv 

World's  Columbian  Exposition  at  Chicago xlviii 

Congressional  appropriations,  disbursements  of xxv,  xxvi,  xxvii,  xxviii, 

xxix,  xxx.  xxxi,  xxxii.  xxxiii,  xxxiv,  xxxv, 
xxxvi,  xxxvii,  xxxviii,  xxxix,  xl,  xli,  xlii 

Library,  exchanges  of 62 

Congressional  appropriation  for  exchanges  of xlv 

resolnticms  defining  the  ]H)licy  of  the  Government  with  refer- 
ence to  scientific  collections 16 

for  printins:  annucil  reports ii 

Consuls  obtaining  free  freight  on  exchanges 64 

Construction  of  animal  houses  in  Zoological  Park 69,  70 

Contents  of  annual  report  for  1892 v 

Continental  problems  of  geology,  by  G.  K.  Gilbert 163 

Continuation  of  researches  among  North  American  Indians 27 

Contributions  to  Knowledge  published  during  1S92 80 

Secretary's  report  on 10, 1 1 

North  American  Kth^nlogy,  volumes  ii,  vi,  and  vii    57 

Copenhagen,  Dennmrk,  exchanjre  agency  in 65 

Copr)^'e,  Dr.  Henry : 

Acts  of  as  regent  r x,  xi,  xiv,  xvi,  xir,  xxi 

Re-appointment  of  a.s  regent xiv,  2 

Member  of  the  Executive  Committee x 

Presented  report  of  Executive  Committee xvi 

Resolutions  offered  by — 

relative  to  administration  of  public  funds xx 

ai)pointment  of  suitable  ]»erson  to  act  in  the  absence  of  the  Secretary 

and  Assistant  Secretary xix 

Astro-physical  Observatory xvi 

income  and  expenditures  of  the  Institution xv 

obituary  of  the  late  General  Meigs xiv 

Copperhead  presented  to  Zoological  Park 72,  73 

Copper  mines,  ancient,  of  Isle  Royale,  examination  of 50 

Copper-mining  (Pre-Columbian)  in  North  America,  by  R.  Ij.  Packard 175 

Correspondence  of  Exchange  Bureau 61 

Correspondents  of  Exchange  Bureau 13,  59, 60 

Cort-ez,  Daniel,  presented  golden -winged  woodpecker 72 

Cortis,  R.  J .,  grants  freight t>l 

Corvus  americanus  added  to  Zoiilonn.  n  1  Pai  k 73 

Costa  Rica,  exchange  agency  in 65 

transmissions  to (Ji>,  (>8 

Cove  ('reek,  Arkansas,  ancient  quarry,  examination  of 50 

Coyotes  presented  to  Zoological  Park 71,  73 

Coyiiu  added  to  Zoological  Park 73 

Crane  presented  to  Zoologica  1  Park 72,  73 

Cranford,  D.  M.,  proseuted  blue  and  yellow  macaw 72 
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Creek  vocabulary,  work  on 56 

Crisp,  Hon.  Charles  F.,  letter  to,  transmitting  annn;il  report  for  1S!I2  ., iii 

Crocker,  Dr.  M.  M.,  presented  tiger  rattlesnake 72 

chuck  molly  lizard 72 

Croft,  Hon .  C.  I.,  presented  guan 72 

Crotalns  admanteus  added  to  Zoological  Park 73 

Crotalus  horridus  added  to  Zoulogical  Park 73 

Crow  present-ed  to  Zoological  Park 72 

Crow  agency,  Montana,  collections  made  at 51 

Crystallization,  paper  by  G.  D.  Liveing 26J 

Crystals,  rejuvenescence  of,  paper  by  Prof.  John  W.  .Jndd 2??l 

Cuba,  exchange  agency  in 65 

transmissions  to 66. 68 

Cultivation  of  Zoological  Park,  cost  of 39 

Cuniird  Royal  Mail  Steamship  Compauy  grant  free  freight 64 

CuUom,  Hon.  Shelby  M.,  regent x,  xi,  xiv,  ixi 

(Ui  acceptance  of  Hodgkins  donation xii 

Curassow  presented  to  Zoulogical  Park 72  73 

Curator  of  Exchanges,  report  of 59 

Cnratorshi])8  in  National  Museum 24 

Current  expctises  of  Zoological  Park,  deficiency  appropriation  for 33 

Curtis,  0.  E.,  prepared  Smithsonian  tables  for  i>ubIicatiou 12 

Cushiug,  Frank  H.,  appointed  ethnologist  of  the  Bureau  of  Ethnology 55 

archajoloirical  work  of 51 

contribution  on  Zufii  myths 55 

organized  Southwestern  archieological  exploration 55 

Cynomys  ludovicianus  added  to  Zordogical  Park ?3 
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Dakota-English  dictionary,  by  Stejihen  Return  Kiggs 57 

Dall,  William  11.,  a  member  of  the  Hodgkins  fund  committee 2() 

Damages  occasione*!  to  Zo.'ihjgicul  Park  by  undue  reduction  of  force 33 

Dangers  to  Zoological  Park  from  freshets 31, 32 

Daniels,  Dr.  Z.  T.,  presented  king  snake 72 

Dasyprocta  acouchy  added  to  Zordogical  l*ark 73 

agouti  added  to  Zoological  Park 73 

Davis,  J .  L.,  presented  red- tailed  hawk 71 

Deane,  Capt.  G.  C,  ]>resented  coyote 71 

Deer  presented  to  Zordogical  Park 71, 73 

Death  of  regents 2 

Deductions  from  tlw  gaseous  the<»ry  of  solution,  paper  by  Pn»f.  Ornie  Masson.      2^ 

Deficiency  appropriati(»ns  for  Zordogical  Park 32, 33 

Den  Helder,Hollan(l,  exchange  agency  in €o 

Denmark,  exchange  agt^ncy  in 65 

transmissions  to 68, 68 

Density  of  oxygen  and  hydrogen,  determinations  of 7 

Department  of  Agriculture,  exchanges  of 62 

to  be  accessible  to  scientific  investigators xlvii 

the  Interior,  exchanges  of 62 

.Justice,  exchanges  of 62 

Labor,  exchanges  of 62 

State,  exchanges  of 62 

War,  exchanges  of 62 

Departments,  repayments  by,  on  account  of  ezchanges ^ 13, 60, 61 
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Deposits  in  Trctisiiry,  amount  of 4 

from  saviuj^s,  amount  of l 

Development  of  Zoological  Park,  lines  of 69 

Dia<lii]  li is  punctatiiB  added  to  Zoological  Park 73 

Diainoiiil  vattiesuake  presented  to  Zoological  Park 72, 73 

Diana  monkey  added  to  Zoological  Park 73 

Dicotyles  tajacu  added  to  Zoological  Park 73 

Dideli>by8  virginiana  addetl  to  Zoological  Park 73 

Dirticulties  encountered  in  administration  of  Zoological  Park 20 

Dinwiddle,  William,  archaeological  field  work  of 49, 50 

Director  of  the  Bureau  of  Kthnology ,  report  of 49 

referred  to  by  Secretary 28 

oflici*  work  of 53 

Disbursement  of  appro]matious  under  the  Smithsonian  Institution  made  by 

W.  \V.  Karr xliii 

Disbursement  of  Congressional  approjiriations 5 

Disbursements  on  account  of  exchanges 13, 60 

Discharge  of  electricity,  paper  by  J.J.  Thomson 229 

Discovery  of  the  key  to  the  hieroglyphic  characters  of  Maya  codices 54 

Dissertations,  medical,  transferred  to  the  Army  Me<lical  Library 74 

Distribution  of  Museum  specimens 25 

Docnnieuts,  official,  exchange  of 13,  61.  62 

Domestic  animals,  collection  of  in  Museum,  increase  in 21, 23 

individuals  in  correspondence  with  exchange  bureau 13,  .lO,  60 

packages  sent  by  exchange  bureau 13,  59,  60 

societies  in  correspondence  with  exchange  bureau 13,  59,  60 

Dorpat,  Univei-sity  of,  sent  publications 75 

Dorsey,  Rev.  J.  Owen,  dicticmaries  in  preparation  by 55 

edited  Dakota- English  dictionary 57 

field  studies  of 52 

office  work  of ^ 55 

paper  on  the  (/Jegiha  language 57 

paper  on  Omaha  and  Ponka  letters 57 

Downs,  A.  ('.,  i»re»entetl  armadillo 71 

Drainage  in  Zoological  Park,  cost  of 39 

Dutch  Guiana,  exchange  agency  in Go 

transmissions  to (i6 

Durukuli  added  to  Zoological  Park 73 

Duties  on  articles  im)>orted  by  National  ^luseum,  Congressional  appropria- 
tion for 5 

Museum,  estimates  l\)r  1893 6 

Dyes  collection  of  Museum,  increase  in 21, 23 

Eagles  pre^»nted  to  Zoological  Park ,. 71,  73 

Earth  (The),  the  home  of  man,  iiapcr  by  W  J  McGee 175 

East  India,  exchange  agency  in k Go 

transmissions  to (iG.GS 

Economic  geology  collection  of  Museum,  increase  in 22,  23 

Ecuador,  exchange  agency  in 65 

transmissions  to 66, 68 

Educational  Bureau,  exchangjs  of 62 

Efticieney  of  exchange  service 62,  (>3 

H.  Mis.  114 50 
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Egypt;  exciiaDge  agency  iu Gj 

traiismiHsiuiis  to 6ti,  i>'^ 

Eighth  aunuiil  report  of  the  Bureau  of  Ethnology  iu  hands  of  i»riiit«r 27 

Election  of  members  of  Executive  Committee xvi 

Electric  light  in  National  Museum 20 

plant  in  Museum,  estimates  for  1893 6 

Electricity,  discharge  of,  paper  by  .J.  J.  Thomson 221) 

Elephants  in  Zoological  Park,  condition  of 70 

Eleventh  annual  report  of  Bureau  of  Ethnology,  ready  for  printer 27 

Elk  house  in  Zoological  Park,  illustration  of 44 

Elk  ins.  Him.  Stephen  B.,  member  ex  officio  of  the  Establishment ix 

Elliott,  Miss  Bessie,  presented  raccoon 71 

Emx)ire  of  the  air,  paper  by  L.  P.  Monillard 397 

Employees  of  exchange  luireau,  efticiency  of 63 

Endowment  for  scientiiic  research  and  publication,  paper  by  Addison  Brown.  621 

Engineering  collection  of  Museum,  increase  in 21. 22 

Engineer  Bureau,  exchanges  of 62 

English-Klamath  dictionary,  by  A.  S.  •Gatschet 57 

Entomological  Commission,  exchanges  of 62 

Ephemeris,  exchanges  of , 62 

Erlangen,  University  of,  sent  publications 75 

Espriella,  Consul  Justra  K.  de  la,  grants  free  freight 64 

Estimates  for  Congressional  appropriations 5 

exchange  service 14 

Estimated  expense  of  exchange  service 14, 61 

Etlmological  researches.  Congressional  appropriations  for 5, 26, 27 

Ethnologic  researches  among  tlie  North  American  Indians 49 

Ethnology  collection  of  M useum,  increase  in 22, 23 

Bureau  of,  exchanges  (»f 62 

report  of  director 28, 49 

Secretary's  report  on 27 

North  American,  estimates  for  1893 5 

Euuoetes  murinus  added  to  Zoological  Park 73 

Eut  a'nia  sirtalis  added  to  Zoological  Park 73 

Evolution  and  heredity,  jiresent  problems  in ;  paper  by  Henry  Fairfield  Osborn  313 

Ewing,  Prof.  J.  A.,  on  molecular  progress  in  magnetic  induction 2K 

Excavation  of  pond  iu  Zoological  Park 70 

Exchange  bureau,  report  of  curator 59 

Correspondence 61 

Exchange  of  otlicial  documents 61 

Expenses 60 

EtWciency  of  service 62 

I)i8burs(3ments 60 

List  of  distributing  agents 65 

List  of  shipping  agents 64 

Tabular  statement  of  w^ork 59, 60 

Transmissions (i6, 67, 68 

Winlock,  W.  C,  curator 68 

Exchange  of  oflicial  documents '. lo,  61. 62 

service.  Secretary's  report  on 13 

treaty  of  Brussels 14 

Exchanges,  Congressional  appropriations  for xxi  i  i,  xxv,  5, 13, 14. 60, 61 

estimates  for  1893 5 

money  advanced  for,  by  Institution 14,15 
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Executive  Conimitt'ee)  election  of  ue w  member xvi 

empowered  to  appoint  suitable  perHons  lo  art  iu  the 

absence  of  the  Secretary  and  AHsiHtant  Secretary xix 

examined  vonchers  and  accounts xliii,  5 

report  accepted  by  Board  of  Kcgcnts xvi 

report  of^  on  appropriations  for  international  excliiuig<>8 .    xxii i 

National  Museum. . .  xxvii,  xxviii,  xxix,  xxx,  xxxi, 

xxxii,    xxxiii,     xxxiv,    xxxv,    xxxvi,    xxxvii, 

xxxviii,  xxxix 

National  Zoological  Park xxxviii 

Nortli  American  Ethnology xxvi 

Smithsonian  building  repair  .8 xl,  xli 

condition  of  the  fund xxili 

expenditures  for  the  year xxiii,  xxiv 

income  available  for  ensuing  year.  ..xli,  xlii,  xliil 

receipts  for  the  year xxiii,  xxiv 

saleft  and  repayments xxiv 

Bxhibit  of  work  of  American  articles,  room  assigned  for 17 

Exhibition  halls  of  National  Museum,  condition  of. « 24 

fix  officio  members  of  the  Establishment ix 

Expenditures,  detailed  statement  of,  for — 

International  exchanges xxv,  13,  (50 

National  Moseum xxvii,  xxviii,  xxix,  xxx,  xxxi,  xxxii,  xxxiii,  xxxiv,  xxxv, 

xxxvi,  xxxvii,  xxxviii,  xxxix 

North  American  Ethnology xxvi,  xxxvii 

Smithsonian  building  repairs xl,  xli 

Experiments  in  aerodynamics,  by  S.  P.  Langley 11, 80 

Explorations  in  Mongolia  and  Thibet,  by  W.  W.  Rockhill 659 

Secretary's  report  on ., 10 

F. 

f-^airfax  County,  Va. ,  ancient  soapstone  (luarries  in 49 

h'alco  colombari  us  added  to  Zoological  Park 73 

sparverins  added  to  Zoological  Park 73 

h>lis  leo  added  to  Zoological  Park 73 

Felis  parvalis  added  to  Zoological  Park 73 

bHber  fibethicns  added  to  Zoological  Park 73 

^\e]d  work  of  the  Bureau  of  Ethnology 49 

Finances,  Executive  Committee's  report  ou : xxiii 

h^inances,  Secretary's  report  on 3,  5 

Bequest  of  James  Hamilton 4 

Bequest  of  Simon  Habcl 4 

Bequest  of  James  Smithson 4 

Congressional  appropriations — 

Astro-physieal  Observatory 5, 6 

Ethnological  researches 5 

International  exchanges 5 

National  Museum 5, 6 

Zoological  Park 5, 6 

De]u>si  t  from  proceeds  of  sale  of  bonds 4 

Deposit  from  savings 4 

Donation  of  Alexander  Gr<nham  Bell xvi,  4 

Hodgkins  fund 3, 4 

iiesiduary  legacy  of  Smithson - , ,  4 
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Fireproofing  of  Smithsouiau  building  continued 7 

Fish  collection  of  Museum,  increaHe  in 22. 23 

Fish  Commission,  exchanges  of ^ 62 

to  be  accessible  in  scientific  investigators xlvii 

Fisheries  collection  of  Musuem,  increase  in 21. 22 

Flint  quarries,  Ohio,  visit  to 49 

Flint  (juarry  in  Indian  Territory,  examination  of 50 

Floi»ring  for  Museum  building,  Congressional  appropriation  for 5, 27 

Florio-Rubattino  Line,  grant  free  freight 64 

Flflgel,  Dr.  Felix,  acknowledgment  due 64 

Flying  squirrel  presented  to  Zoological  Park 71, 73 

Ton  Kaw©  vocabulary,  work  on 56 

Foods  collection  of  Museum,  increase  in 21, 22 

Foreign  exchange  transmissions 66, 67 

indi vidunls  in  correspondence  with  Exchange  Bureau 13. 59. 60 

so<'ieties  in  c<uTespondence  with  Exchange  Bureau 13, 58, 60 

Forget,  A. ,  grants  free  ireight 64 

Footways  in  ZoCdogical  Park,  ccmstruction  of 70 

Fossils,  collection  of,  in  Museum,  increase  in 22, 23 

Fossil  x>lants,  collection  of  Museum,  increase  in 22, 23 

Foster,  Hon.  Charles,  member  ex  officio  of  the  Establishment    ix 

Fost-er,  Hon.  John  W.,  member  ex  officio  of  the  Establishment ix 

Fowke,  Gerard,  archa'ological  field  work  of 49, 5(' 

office  work  of 55 

Fox.  (ieorgc,  presented  red  fox 71 

Foxes  added  to  Zoi'dogical  Park 73 

Foxes  ])re8ented  to  Zoological  Park 71, 73 

France,  exchange  agency  in , 65 

transmissions  to *. 1 66, 68 

Free  freight  granted  by  shipping  agents 14, 64 

employed  in  exchange  transmissions 13, 14, 63 

Freiburg,  I 'niversity  of,  sent  publications 75 

Freight  paid  on  exchanges 61 

Freshets  endangering  Zoological  Park 31,32 

Fuller,  Hon.  Melville  W.,  chancellor  of  the  Institution x,xiv,  xxi 

member  ex  officio  of  the  Establishment ii 

Fundi,  Edye  &  Co.  grant  free  freight 64 

Funds,  permanent,  of  the  Instituticm 4 

Furniture  and  fixtures,  Congressional  ap]iropriation  for. 5 

of  National  Museum*  details  of  expenditures  for xxxv, 

xxxvi,  xxxvii,xlii 
Museum,  estimates  for  1893 6 

G. 

Gage,  A.  T.,  presented  horned  toad 72 

(iauuot,  Mr.,  added  to  Zoological  Park 73 

directed  resurvey  of  ancient  work  in  Ohio 51 

(iardeuiug  in  ZoCdogical  Park,  cost  of 39 

(tarter  snakes  added  to  Zoological  Park 73 

(taseous  theory  of  solution,  deductions  from,  paper  by  O.  Masson 289 

Gatschet,  Albert  S,,  field  studies  of 53 

Klamath  dictionary 57 

oftice  work  of 56 

(VeikJe^  iSjr  Archibald,  on  geological  change,  and  time lU 
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General  appendix  to  the  auiiiial  report  fur  1892 85 

urcbwology  of  tide- water  region,  paper  on 53 

Land  Ofifice,  exchanges  of 62 

plan  of  the  Zoological  Park 40 

aubjects  of  the  annual  report iv 

Geographical  Survey,  exchaugeg  of (VJ 

Cieological  change,  and  time,  paper  by  Sir  Archibald  Geik it* Ill 

history  of  the  Yellowstone  National  Park,  by  Arnold  Hat> ue 13:^ 

Survey,  appropriations  to  for  exchanges xlvi 

exchanges  of <>2 

to  be  accessible  to  scientitic  in ves titration xlvii 

Geology  collection  of  Museum,  increase  in 22, 23 

Cieorgetown,  British  Guiana,  exchange  agency  in iv* 

(f erinauy,  exchange  agency  in iiR 

transmissions  to tiH,  li8 

Geysers,  soaping,  paper  on,  by  Arnold  Hague 153 

Ghost  dance,  report  on,  in  preparation 55 

study  of 52 

(libbs,  Dr.  Wolcott,aid  extended  to 7 

investigations  of 7 

Gibson,  Hon.  Randall  L.,  acts  of,  as  regent x,  xi,  xiv,  xxi 

motion  by,  relative  to  care  of  Smithsou's  tomb xvii 

Giessen,  University  of,  sent  publicatit»us 75 

Gilbert,  G.  K,  on  continental  problems  of  geology 163 

Gill,  de  Lancey  W.,  ottice  work  of 57 

Goat  added  to  Zoological  Park 73 

(solden  eagle  presented  to  Zoological  Park 71,  73 

Goo<le,  G.  Brown,  Assistant  Secretary  of  the  Institution ix 

chairman  of  the  Hodgkins  fund  committee 2() 

Gopher  added  to  Zoological  Park 73 

Gore,  J.  Howard,  and  B.  Witskowski,  paper  on  the  history  of  geodetic  opera- 
tions in  Russia 81, 83 

Gottingeu,  University  of,  sent  publications 75 

Government  collections,  policy  of  (iovernment  with  reference  to 16 

Printing  Office,  exchanges  of 62 

transmissions 68 

Governmental  exchanges,  extent  of 13, 14, 61, 62 

Grading  plan  for  Zoological  Park 70 

Grand  Medicine  Society  of  the  Menomone«*,  paper  on 55 

( ) jibwas,  paper  on 55, 56 

Graphic  arts  collection  of  Museum,  increase  in 21, 22 

(fray,  Asa,  plates  to  accompany  report  on  the  forest  trees  of  North  America  ..  80 

Gray,  Prof.  Thomas,  paper  on  the  inventors  of  the  telegraph  and  telephone.. .  639 

( Jray  squirrel  presented  to  Zoological  Park 71.  73 

Great  Britain,  exchange  agency  in 65 

transmissions  to *  66,  68 

Great  homed  owl  presented  to  Zoological  Park 72,  73 

Greaves,  Mr.,  presented  agouti 71 

(■reece,  exchange  agency  in iiTt 

transraissi(ms  to 67,  68 

Griswold,  Lotta,  presented  alligator 72 

Grizzly  bear  escaped  from  Zoological  Park ; Ii3 

presented  to  Zoological  Park 1 71,  73 

Ground  rattlesnake  presented  to  Zoological  Park 72, 73 
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Growth  of  exchange  service 13. 5i^fi0 

National  MuHeum 21,22,23 

Griis  mexicana  ailded  to  Zoological  Park 73 

Guadeloupe,  exchange  agency  in 65 

Guan  presented  to  Zoological  Park   72 

Guara  alba  added  to  Zoological  Park  T3 

nibra  added  to  Zoiilogical  Park 73 

Guatusa.  language,  material  collected  for 53 

Guatemala,  exchange  agency  in Ki 

traiisniissiona  to 67, 68 

Guinea  pig  added  to  Zoological  Park  73 

(xuros,  collection  of.  in  Museum,  increase  in 21, 23 

H. 

Hahana,  Cuba,  exchange  agency  in 65 

Hahel  ]»equeHt,  amount  of 4 

added  to  Smitlmon  fund xiiii 

Hague,  Arnold,  on  the  geological  history  of  the  Yellowstone  National  Park..      133 

paper  on  soaping  geyser 153 

Haiti,  exchange  agency  in © 

transmiMsions  to iSl,& 

Hales,  Henry,  paper  on  prehistoric  New  Mexioan  pottery 535 

Halitectus  leucocephalus  added  to  Zoological  Park 73 

}Ialle,  University  of,  sent  publications 75 

Hallock,  Dr.  William,  appointed  senior  tissistant  in  Astro-physical  Observatory        9 

resignation  of 10 

Hamburg  American  Packet  Company  grant  free  freight 6t 

Hamilton  bequest,  amount  of 4,  xsiii 

Hami  I  ton  James,  bequest  of,  added  to  Smithson  fund xiiii 

Hapale  jacchus  added  to  Zoological  Park 73 

Harrison,  Hon.  Benjamin,  member  ex  officio  of  the  establishment ix 

Harrison,  President,  presented  opossum 71 

Hastings,  C.  8.,  paper  on  the  history  of  the  telescope % 

Hawks  presented  in  Zoological  Park 71, 73 

Hayes,  C  8.,  presented  black  bear 71 

Heating  and  lighting  of  National  Museum 26 

Congressional  appropriation  for 5, 26 

Details  of  expenditures  for xxxiii,  xxxiv,  xxxvii,  xxxviii,  xlii 

estimates  for  1893 6 

Heidelberg,  University  of,  sent  publications 75 

Helsingfors,  University  of,  sent  publications 75 

Hemenway  Arohwological  Exploration,  organized  by  F.  H.  Gushing 55 

Henderson,  Hon.  John  li.,  appointed  regent - 

acts  of,  as  regent x,  xi v,  xvi,  xix 

member  of  Executive  Committee x 

elected  member  of  Executive  Committee x^i 

Henderson  &  Brothers  grant  free  freight  61 

Hendrickson,  Mrs. ,  presented  capuchin  monkey 71 

Hensel,  Bruckmann  &  Lorbacher  grant  free  freight 61 

Henshaw,  H.  W,,  general  field  station  of 52 

office  work  of 53 

paper  on  tribal  synonomy '^ 

prepared  exhibit  for  Columbian  Exposition W 

Heredity,  evolution  aud  pre^euV.  pvoViVtivwa  iu,  ^aper  by  Henry  Fairfield  Osboru     313 
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H«rou  pn^Mentesl  to  Zoological  Park 72.  73 

Ileitz's  experimetits,  X***?^"^"  "" -^"^ 

Ueleodoii  platyrhiiiuw.  added  to  Zoolo<rical  Park 73 

Hewitt,  J.  M.  B.,  office  work  of 5(5 

Hieroglyphic  character  of  Maya  codices,  discovery  of  key  to 5-1 

Highland  County,  Va.,  archiHdogical  exploration  of 50 

Hill,  Prof.  tt.  T.,  presented  arniiidillo 71 

HillerH,  .1 .  K.,  photographic  work  of 57 

Historic  relics  collection  of  MiiHeiiui,  increase  in 21. 22 

village  sites  examined  by  Bureau  of  Ethnology 49 

History  of  the  Telescope,  by  Prof.  C.  S.  Hastings 95 

Hobart,  Tasmania,  exchange  agency  in .' CAi 

Hodge,  F.  Webb,  office  work  of ,53 

Hodgkins,  Thomas  G.,  gift  of,  added  to  Sniithson  fund xxiii 

communication  of,  laid  before  the  Board  of  Kegents xxii 

Hodgkins  donation,  resolution  by  Board  of  Regents  relative  to xi,  xii 

Hodgkins  gift,  Secretary's  report  on 3, 17 

circulars  issued  . . 18. 19 

advisory  comnii tt^jo  appointed 20 

Hoffman,  Dr.  W.  J.,  paper  on  grand  medicine  societies  of  Ojibwas  and  Menom- 

onee 55.  .'itJ 

lield  studies  of 51.  52 

special  agt^nt  f«)r  the  World's  Coluuibian  Exposition f'd 

Hog-nosed  snake  presented  to  Zoidogical  Park 72,  73 

Holuies.  W.  H.,  archjeological  field  work  of 19,  50.  51 

office  work  of 53 

paper  on  pottery  nnd  shell  work 53 

textib^  fabrics r>',\ 

Honduras,  exchange  agency  in G > 

transuiissions  to (»7,  G8 

Hongkong,  China,  -jxchange  agency  in (iT) 

Honolulu,  Hawaii,  exchange  agency  in r>5 

Homed  toad  jiresented  to  Zoiilogical  Park 72,  73 

House  of  Representative,  exchanges  of 62 

Howard  County,  Md.,  ancient  soapstone  quarries  in 49 

Howlett,  J.  W.,  presented  opossums 71 

Hungary,  exchange  agency  in (15 

transmissions  to t;f|,  68 

Hunting  ground,  Indian,  relics  of,  paper  on,  by  A.  Hamer 555 

Hutchins,  Prof.  C.  C,  acknowledgment  of  valuable  assistance ^.  9 

Hydrochajrus  capybara  added  to  Zofdogical  P.ark 73 

Hydrogen,  density  of,  detenu inaticm  of 7 

Hydrogra]diic  Office,  exchanges  of 62 

I. 

Ibis  presented  to  Zoological  Park 72,  73 

Iceland,  exchange  agency  in 65 

Illinois  mounds,  examination  of 51 

Illustrations,  list  of viii 

prejiared  by  Bureau  of  Ethnology 57 

Importations  by  Museum,  Congressional  appropriations  for 5 

estimates  for  1893 (J 

Improvement  of  Zoological  Park,  Congressional  appropriation  for 5,  29 

deticiency  appropriation  for 32,  33 
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Improvonioiit  of  Zouloj^iual  l*ark,  (r.stiiiiutes  lor  1893 H 

Inaileqiiacy  ol*  approj>riatioiis  made  tor  Zoological  Park - IW 

Ina<le(iuacy  of  watch  force  in  Zoolo<;ical  Park <»y 

Iiiclosures  in  Zoological  Park,  cost  of 1*^ 

Income  available  for  ensniug  year xli,  xlii.xliii 

Increase  of  exchange,  service 13.  r»9, (JO 

in  exchange  Hliipments 63 

exchange  work 13,  (53 

of  the  library  by  exchanges 15.74 

the  library.  •Secretary's  x^l^Ji  ^r 1^ 

Index  Medicns,  exchanges  of 62 

Indian  Affairs,  office  of,  exchanges  of: 62 

hnnting  ground,  relics  of,  X)aper  by  A .  Waniei* 555 

linguistic  families  of  America,  paper  on,  by  J.  AV.  Powell 57 

remains  on  the  Upper  Yellowstone,  paper  by  Col.  AV.  S.  Brackett 577 

Territory,  Hint  quarry  in,  examination  of 50 

Indiana,  ancient  works  in,  survey  of 51 

Indians,  American,  picture  writing  of,  paper  on 5:^ 

North  American,  researches  among 27 

Individuals  in  correspondence  with  Kxchange  Bureau 13, 59,  HO, 61 

Induction,  magnetic,  molecular  j>rogress  in,  i^aper  by  J.  A.  Ewing 253 

Influx  of  visitors  to  Zoidogical  Park 32 

Injury  to  the  Zoological  Park  by  rain  storms 69 

In  nun  I  Steamship  Company  grant  free  freight 64 

Insect  collection  of  Museum,  increase  in 22, 23 

Insuftirient  clerical  force  in  Kxchange  Bureau 63 

Interior  Department,  appropriation  to  for  exchanges xhi 

exchanges  of 62 

International  exchangers,  acts  and  resolutions  of  Congress  relative  to xlv,  xlvi 

Cimgressional  acts  making  appropriations xlv,  slvi 

appropriation  for xxiii,  5 

details  of  expenditures xxv,  xlii 

estimates  for  1893 5 

exchange  of  official  documents 13, 61. 62 

report  of  curator 59 

correspondence 61 

disbursements 60 

expenses 60 

list  of  distributing  agents 65 

list  of  shii)ping  agents 64 

official  documents 61 

tabular  statement  of  work 59, 60 

transmissions 66,  (57. 6^ 

Winlock,  W.  C,  curator 68 

hitemational  exchange  service,  Secretary's  report  on 13 

Invention,  the  birth  of,  by  O.  T.  Mason 603 

Inventors,  the,  of  the  telegraph  and  telephone,  paper  by  Thonuis  Gray 639 

Investigators,  assistance  given  to 7 

Iroquoian  languages,  work  on •. 56 

Isle  Royale,  ancient  copiier  mines  of,  examiimtion  of 50 

Italy,  exchange  agency  in &'» 

transmissions  to , 67, 68 
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Jacsii-e  scleroiiB  added  t«  Zoological  Park 73 

James  River,  archaeological  exploration  of 50 

Japan,  exchange  agency  in G5 

transniissionH  to 07, 08 

Java,  exchange  agency  in G5 

Jena.  University  of,  sent  publications 75 

Johnston,  President  William  Preston,  appointed  regent 2 

Johnston,  Dr.  William  P.,  acts  of  as  regent x.  xiv 

Johnson,  E.,  presented  barred  owl 71 

Jonrnals  and  Proceedings  of  the  Board  of  Regents,  1S9<) xi 

Jony,  P.  L.,  collections  made  by 10 

Jndd,  Prof.  John  W.,  on  rejuvenescence  of  crystals 281 

Justice,  Department  of,  exchanges  of tJ2 

»  K. 

Karr,  William  W.,  disburses  all  appropriations  under  the  Kmithsonian  Insti- 
tution  xliii 

Kashmir,  collections  made  in 10 

Kazan,  University  of,  sent  publications 75 

Keepers  in  Zotilogical  Park,  duties  of 32 

Key  to  the  hieroglyi»hic  characters  of  Maya  cf^diccs,  discovery  of 51 

Kidder  bequest,  amount  of xx i i  1,  4 

employment  of,  explained  by  the  Secretary xvi 

Kiel,  University  of,  sent  publications 75 

Kiewitt,  Miss  Margaret,  presented  raccoon 71 

King  snake  presented  to  Zoiilogical  Park 72.  73 

Kinkajou,  added  to  ZoiUogical  Park 73 

Kiowa  collection  at  the  World's  Fair 55 

Kiowa  Indians,  study  of 52 

Klamatli-English  dictionary,  by  A.  S.  (iatschet 57 

Klamath  Indians  of  Southwest  Oregon,  i^aper  on 57 

Kwapa  text,  arrangement  of,  by  J .  Owen  Dorsey 55 

Labor  Department,  exchanges  of 62 

Lacompte,  La.,  visit  to 52 

Lagothrix  humboldtii  added  to  Zoological  Park 73 

Lake  Superior,  ancient  copper  mines  of,  examinat ion  of 50 

Land  Oftice,  exchanges  of .' 62 

Langli'y,  S.  P.,  Secretary  of  Smithsiuiiau  Institution ix 

experiments  in  aerodynamics 11 

letter  to  Congress  transmitting  annual  report  for  1892 iii 

of,  transmitting  estimates  for  Zo«ilogical  Park 38,  .39 

to  President  of  Senate  rel.itivi^  to  ajtpropriations  for 

Zoological  Park :^6,  37 

to  Secretary  of  Treasury  on  urgent  needs  of  Zofdogical 

Park 31,  a5 

report  for  1892 1 

Leech  Lake,  Minn.,  ethnological  collections  made  at 51 

Ledger  accounts  of  Exchange  Bureau 13.  51),  60 

cards,  new  form  adopted  in  i^xcli:inge  service 61 

Lee,  R.  M.,  presented  coyote 71 
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Lcipold,  K.  T.,  pre»eiiietl  Hiuippiiig  turtle 72 

Loi]izig,  excliaiigo  ajjfeucy  in 65 

University  of,  sent  piiljlications 75 

Length,  staiidard  of,  detcrniiuatiou  of 7 

Lt^piis  Clinic nluH  added  to  Zoological  Park 73 

Letter  of  Secretary  to  Hon.  Benjamin  Biittcrworth  relative  to  nioiu'v  advanced 

for  cxcbanges l.'^ 

to  Congress  submitting  annnal  report  for  1892 iii 

to  President  of  the  Senate  relative  t<»  appropriations  for 

Zof'dogical  Park MXi 

to  Hon.  Leland  Stanford  relative  to  new  musoum  building        6 
to  Secretary  of  Treasury  on  urgent  needs  of  Zordogic4il 

Park... :U.35 

transmitting  estiuiates  for  Zot'dogicnl  Park '^,'.^ 

Letter  relative  to  new  Museum  buihling 6 

Lettei*8  recei  ve<l  by  Excliange  Bureau r»9.  (50 

written  by  Kxchange  Bureau .■»9. J*() 

Libbey.  Prof.  Williaui,  Jr.,  assisted  in  editing  Smithsonian  tables l* 

Liberia,  excliange  agency  in ti5 

transmissions  to (»7,  (J?< 

Librarian,  report  of 74 

Library,  increase  of,  Secretnry's  plan  for lo 

Secretary's  n^port  on !.'» 

of  Cougrcss,  exchanges  of ft? 

appropriation  for,  on  account  of  exchanges xb 

to  be  accessible  to  scientific  investigators xbii 

Lick  Observatory,  grant  to,  for  continuance  of  experiments 7 

Licking  County,  Ohio,  grent  Hint  quarries  in,  visit  to 49 

Light-House  Hoard,  exchanges  of 62 

Lima,  Peru,  exchange  agency  in C5 

Lines  of  develoi)ment  of  Zoological  Park *S 

Lingnistie  families  of  America,  pa])er  on,  by  J.  W.  Powell 57 

Lion  added  to  Zoological  Park 73 

Li([ui<ls  and  gases,  ]>a])er  by  W.  Kamsay 3ll3 

Lisbon,  Portugal,  exchange  agcaicy  in 65 

List  of  accessions  t<»  tin?  National  Museum 82 

Zoological  Park 73 

aninuils  jireseuted  to  the  Zoi'dogical  Park 70, 71. 72 

exchange  agencies 65 

illustrations viii 

sh ipping  agents  granti ng  free  freight HM 

Lithology  colbu'tion  of  Museum,  increase  in 2*J.  21^ 

Little  Falls,  Minn.,  quartz  objects  from 50 

I^i vcing,  (i.  I).,  paper  on  crystallization 269 

Living  animals  collection  of  Miiseum,  incrc^ase  in 22, 2^ 

Lizard  presented  to  Zoidogical  Park • 72 

Lizards  added  to  ZoiUogical  Park 73 

Loan  exhibit  of  works  of  American  artists,  rooms  granted  for 17 

Lodge,  Hon,  Henry  C?abot,  reappointed  regent xiv,2 

acts  of,  as  regent, x.  xiv.  xxi 

Lonilon,  Enghand,  exchange  agency  in Ij5 

Lonvain,  University  of,  sent  publications 75 

Luiuir  jihotography,  continuance  of  ex]>crinients 7 

)»hotogra]>hs,  Secretary's  report  on 11 

Liiiid,  I ■  ui versity  of,  sent  puV»V\cat\oi\^i    .• 75 
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Latru  ciUia<leiisiH  addiMl  to  Zoulogioul  Park 7«J 

Lynx  rafus  added  to  Zoological  Park 73 

Lyons,  E.,  presented  black-crowned  night  heron 72 

M. 

McGeorge,  H.  \V.,  presented  marsh  hawk 71 

Macaw  presented  to  Zoological  Park 72, 73 

Madeira,  exchange  agency  in 65 

Madison  County,  111.,  mounds,  examination  of 51 

Madrid,  Spain,  exchange  agency  in 66 

Magnetic  induction,  molecular  progress*  in,  ])aper  by  J.  A.  Kwing 255 

Magpie  presented  to  Zoological  Park 72,  73 

Mahoney.  J.  J.,  preKcntod  screech  owl 72 

Main  <ininial  house  in  Zoological  Park 69 

Maintenance  of  Zoological  Park 28 

(Congressional  appropriation  for 5, 29 

defiiMcncy  appropriation  for 32, 33 

estimates  for  1803 6 

Mallery,  (?ol.  Ciarrick,  office  work  of 53 

paper  on  picture  writ  iiig  of  American  Indians 53 

Malta,  exchange  agency  in 65 

Mammals  collection  of  Museum,  increase  in 22, 23 

in  Zoological  Park 70 

Man,  advent  of,  in  America,  hy  A.  de  Quatrefagcs 513 

the  ascent  of,  paper  on,  by  Frank  Baker 82, 83 

Manager,  acting,  of  the  Zoi'dogical  Park,  report  of 69 

Manila,  Phili])pine  Islands,  exchange  agency  in 65 

Mantez,  Consul  Jos^,  grant  free  frci;;h t 64 

Marbled  polychrus  added  to  Zoological  Park 73 

Marburg,  University  of,  sent  publications 75 

Marine  Hospital  Service,  exchanges  of 62 

invertebrates  collection  of  Museum,  increase  in 22, 23 

Marmoset  added  to  Zoi'dogical  Park 73 

Marsh  hawk  presented  to  Zoological  Park 71,  73 

Maryland,  ancient  soapstone  (junrries  in,  examination  of 49 

arclupological  field  work  in 49 

Mason,  Otis  T.,  account  of  progress  in  anthropology  in  1S92 465 

bibliography  of  anthropology'  in  1892 490 

on  the  birth  of  invention 603 

Masson,  Prof.  Orme,  on  deductions  from  gaseous  theory  of  solutions 289 

Materia  medica  collections  of  Museum,  increase  in 21,  22 

Mattpament,  village  site  of,  examination  of 49 

Mauritius,  exch.ange  agency  in 65 

Maxiield,  D.  H.,  presented  Virginia  deer 71 

Maya  codices,  hieroglyphic  character  of,  discovery  of  key  to 54 

study  of,  by  Cyrus  Thomas « 54 

Meams,  Dr.  Edgar  A.,  collections  made  by  .  ^ 10 

Medal  collection  of  Museum,  increase  in 21, 22 

Medical  dissertations  ti'ansferred  to  the  library  of  the  Surgeon -General  of  the 

Army 74 

Medicine  and  Surgery,  American  inventions  in,  by  John  S.  Billings 613 

Bureau  of,  exchanges  of 62 

Medicine  Society  of  the  Menomouee  Indians 51, 52, 55 

Oj  ibwas,  paper  on 55, 50 
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Meetings  oi'  the  Hoard  of  Regents v xi,  xi v,  xxi,  1.2 

MegaBcops  jisio  iidiled  to  Zoological  Park 73 

Meigs,  Cieu.  M.  ('.,  death  of 2 

death  of,  nnnonnceil  to  Board  of  Regent** xiv 

memorial  record  of xiv,  xt 

necrology  of 45 

acts  of,  as  regent xi,  xiv 

resohttion  to  Board  of  Regents  relative  to xiv 

Melhourne,  Victoria,  exchange  agency  in \t& 

Meldola,  Raphael,  paper  on  the  photographic  image 81, 83 

Menihers  i-x  officio  of  the  Establishment ix 

of  Board  of  Regents 2 

Memorial  record  of  Gen.  M.  C.  Meigs xiv. xv 

Menomouee  Indians,  Grand  Medicine  Society  of,  paper  on 55 

Medicine  Society,  study  of 51. 52 

Mephitis  mephitiea  added  to  ZoCdogical  Park 73 

Merrill,  George  P.,  handbook  of  geology 81, 82 

Mesoxoic  fossils  collection  of  Museum,  increase  in 22. 23 

Messiah  of  the  Pintes,  ])ortrait  of 52 

Metallurgy  collection  of  Museum,  increase  in 22. 23 

Meteorological  work  of  the  Smithsonian  Institution 89 

Method  of  condncting  exchange  service IB 

Mexico,  exchange  agency  in 65 

transmissions  to 67.<)8 

Michelson,  Prof.  A.  A.,  investigations  of 7 

aid  extended  to 7 

M id weiwiu  or  Grand  Medicine  Society  of  Oj ihwas,  paper  on 55. 56 

M  igration  of  birds,  report  on,  by  ,1.  A.  Palmer 375 

Mllha',  Hon.  William  H.  H.,  nienibcr  ex  officio  of  the  Establishment ix 

Mindeletf,  Cosmos,  archa^ologi(;al  field  work  of 49, 5() 

paper  on  aboriginal  remains  in  the  valley  of  the  Rio  Verde. 

Arizona 54 

repairing  ruins  of  Casa  (i rande 54 

Mineral  collection  of  Museum,  increase  in 22,23 

Minnesota,  ethnological  objects  collected  in 51 
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Mint,  Bureau  of,  exchanges  of 62 
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Modern  pottery  colle<'tioii  of  museum,  increase  in 21, 22 


INDEX.  797 

•    Pago. 

iilar  progress  in  magnetic  induction,  paper  by  Prof.  .1.  A.  Ewing 255 
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y.  Prof.  E.  W.,  apparatus  provided  for  experiments  carried  on  by 7 
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exchanges  of 62 
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rciiort  for  1889 82 
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Netherlan<ls  American  Steam  Navigation  Company  grant  free  freight   &i 

N<*wark  work,  Ohio,  resurvey  of. 49, 50, 51 
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Government  transmissions  to 68 
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P. 
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Packard;  R.  L.,  on  Pre-Colnmbian  copper-mining  in  North  America 175 
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Permanent  funds  of  the  Institution 4 
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Peru,  exchange  agency  in 65 
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Piiilippine  Islands,  exchange  agency  in Jk) 
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Phry nosonijv  douglasii,  added  to  Zoological  Park 73 
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geology  collection  of  >[useuni,  increase  in 22, 23 

Physiological  action  of  chemical  compounds,  investigation  of 7 

Pica  pica  hudscmia  added  to  Zofdogical  Park 73 

Picture-writing  of  American  Iudian.<>..  paper  on 53 

Pigeon  hawk  presented  to  Zoiilogical  Park 71.  73 

Pilling,  .Tames  C,  bibliography  of  the  Algon«|uin  languages 58 

bibliograx)hy  work  of 56, 57 
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Pine  Ridge  Reservation,  collection  made  at 52 

I'ioneer  Line  grant  free  freight 64 

Pil^estone  «iuarry,  examination  of 1 50 

Piutes,  investigation  made  among  the 52 

Plan  of  the  Zoological  Park 40 

Polar  bear  added  tc»  the  Zoidogical  Park '. 73 

Pidychrns  marmoratus  added  to  Zoological  Park 73 

Polychrus  added  to  Zot'dogical  Park 73 

Polynesia,  exchange  agency  in 65 

transmissions  to 67, 68 

Polynesian  Bow,  by^  E.  Tregear 199 

Pomares,  Consul  Mariano,  grants  free  freight 64 

Pond  for  arpiatic  animals  <'ontenij)lated  in  Zoiilogieal  Park 70 

Pond  in  Zoiilogieal  l*ark,  ci>st  of »> 

I'orcelain  coUectiim  of  Museum,  increase  in 21, 22 
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Porcupine  added  to  Zoological  Park 73 

Port  au  Prince.  Haiti,  exchange  agency  in 65 

Porter,  Dr.  Noah,  death  of 2 

necrology  of 46 

resigned  from  Board  of  Regents •..  2 

Port  Louis,  Mauritius,  exchange  agency  in , .        65 

Portraits  of  North  American  Indians,  collection  of 57 

Portugal,  exchange  agency  in 65 

transmissions  to 67, 68 

Post-OflSoe  Department,  exchanges  of 62 

Postage,  Congressional  appropriation  for 5 

for  National  Museum,  debits  of  expenditures  for xxxiv,  xlli 

Maseum,  estimates  for  1893 6 

exchange  service 61 

Potomac,  Chesapeake  region,  arch»ological  exploration  of 50 

Potomac  River,  shell  deposits  of,  examination  of 49 

Pottery  collection  of  M'lseum,  increase  in 21, 23 

of  the  American  aborigines,  paper  on 53 

prehistoric  New  Mexican,  paper  on,  by  Henry  Hales 535 

Powell,  J.  W.,  director  Bureau  of  Ethnology 27, 58 

office  work  of 53 

paper  on  Indian  linguistic  families  of  America 57 

report  on  Bureau  of  Ethnology 28,49 

Powhatan  languages,  work  on 56 

Prairie  dog  presented  to  Zoological  Park 71, 73 

Prehistoric  anthropology  collection  of  Museum,  increase  in 22, 23 

New  Mexican  Pottery,  paper  by  Henry  Hales 535 

works  east  of  the  Rocky  Mountains,  paper  on 53, 54, 58 

Present  problems  in  evolution  and  heredity,  paper  by  Henry  Fairfield  Osborn.      313 

Pxesentations  to  the  Zoological  park 70, 71, 72 

Preservation  of  collections,  CoDgressional  appropriation  for 5 

details  of  expenditures  for . .  xxvii,  xxxi,  xxxv,  xxxvi,  xlii 

estimates  for  1893 6 

Primitive  nnmber  systems,  paper  on,  by  Levi  L.  Conant 583 

Printing  of  annual  report,  Congressional  resolution  for r '  ii 

for  Museum,  Congressional  appropriation  for 5 

paid  for  on  account  of  exchanges 61 

and  binding,  for  Museum,  estimates  for  1893 6 

Problems,  continental,  of  geology,  by  S.  K.  Gilbert 163 

present,  in  evolution  and  heredity,  paper  by  Henry  Fairfield  Osborn .      313 

Pro<;eedingB  of  the  Board  of  Regents,  journal  of xi 

National  Museum 27 

Proeyon  lotor  added  to  Zoological  Park 73 

Progress  in  anthropology  in  1892,  report  on,  by  O.  T.  Mason 465 

astronomy  in  1891,  1892,  report  by  W.  C.  Winlock 681 

molecular,  in  magnetic  induction,  paper  by  J.  A.  Ewing 255 

Prussia,  Government  exchanges  for 68 

Public  Printer,  exchanges  of 62 

Publications  for  the  year  1892 80 

Contributions  to  Knowledge 11, 80 

Lunar  photographs 11 

Miscellaneous  Collections 11, 80 

Smithsonian  tables 12 

Annual  reports 11, 82 

H.  Mis.  114 51 
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Rainstorms  disastrous  to  Zoological  Park 69 

Ramsay,  Prof.  William,  on  suggestious  regarding  solutions 299 

paper  on  liquids  and  gases 303 

Rappahannock  Valley,  archieological  exploration  of 49 
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Russia,  exchange  agency  in 66 

transmissions  to 67, 68 

S. 

Sacred  formulas  of  the  Cherokees,  paper  on 57 

Saers,  Ralph,  presented  flying  squirrel 71 

Salaries  paid  on  account  of  exchanges 61 

Sale  of  bonds,  amounts  received  from 4 

Sale  list  of  publications  of  the  Smithsonian  Institution 82 

Sale  of  publications,  etc.,  amount  derived  from xxiv 

Salishan  bibliography,  work  on 56 

Sun  Domingo,  exchange  transmissions  to 67, 68 

San  Jose,  Costa  Rica,  exchange  agency  in 65 

San  Salvador,  exchange  agency  in 66 

transmission  to 67,68 

Sandhill  crane  presented  to  Zoological  Park 72, 78 

Santiago,  Chile,  exchange  agency  in (2) 

Sapajons  added  to  Zoological  Park 73 

Saunders,  E.  A.,  assistant  in  Astro-physical  Observatory 10 

Sauromalis  ater  added  to  Zoological  Park 73 

Savings,  amount  of 4 

S&xony,  Government  excbangc  Vot 68 
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Scantiness  of  resources  of  Zoological  Park 70 

Schmidt,  E.  S.,  presented  American  eagle 72 

Schumacher,  A.,  &,  Co.,  grant  free  freight 64 

Scinroptems  voliicella  added  to  Zoological  Park 73 

Screech  owl  presented  to  Zoological  Park 72,  73 

Scndder,  N.  P.  acting  librarian 79 

Secretary  explains  to  Board  of  Regents  the  natnre  of  the  proposed  Hodgkinn 

donation xi 

employment  of  Kidder  beqnest  and  Bell  donation xvi 

letter  of,  transmitting  annual  report  to  Congress iii 

relative  new  Museum  building 6 

to  Secretary  of  Treasury  on  urgent  needs  of  the  Zoologi- 
cal Park 34,35 

transmitting  estimates  for  Zoological  Park 88,  39 

plan  for  increase  of  the  library,  result  of 15,  74 

presented  annual  report  to  Board  of  Regents xvi 

remarks  to  Board  of  Regents  on  condition  of  Zoologirnl  Park xvii 

report  for  1892 1 

report,  appendix  to 49 

Senate,  exchanges  of 62 

Servia,  exchange  agency  in 66 

transmissions  to 67, 68 

Services  of  engineers  of  Zoological  Park,  cost  of 39 

Seventh  annual  report  of  the  Bureau  of  Ethnology 27, 57 

Sewerage  in  Zoological  Park,  cost  of 39 

Shanghai,  China,  exchange  agency  in 55 

Shawano,  vocabulary,  work  on 56 

Shell  deposits  of  lower  Potomac,  examination  of 49 

Shell-work  of  the  American  aborigines,  paper  on 53 

Shenandoah  Valley,  archsBological  exploration  of 50 

Shipping  agents  granting  fVee  freight,  list  of 14, 64 

Shoemaker,  C.  W.,  translation  by 375 

Shute,  D.  Kerfoot,  paper  on  the  anthropology  of  the  brain 595 

Stmonds,  Hon.  William  E.,  member  ex  officio  of  the  Establishment ix 

Simpson,  G.  W.,  presented  marsh  hawk 71 

Signal  Office,  exchanges  of 62 

Skunk  added  to  Zoological  Park 73 

Slow  freight  employed  in  exchange  transmissions 63 

Snapping  turtles  presented  to  Zoological  Park 72, 73 

Snakes  added  to  Zoological  Park 73 

presented  to  Zoological  Park 72,73 

Smithsou  bequest,  condition  of 4 

remains  of,  removal  of,  considered  by  Board  of  Regents xvii 

tomb  of,  conditions  of xvii 

preservation  of 16 

Smithsonian  building,  details  of  expenditure  for xl,  xli,  xlii 

repair,  Congressional  appropriation  for xl,  xli,  xlii 

Contributions  to  Knowle<lge  for  the  year 80 

fund,  condition  of, xxiii 

expenses  on  account  of  exchanges 13,  14,  61 

grounds,  care  of,  Congressional  appropriation  for xlv 

International  exchange  service,  Secretar>''s  report  on 13 

Miscellaneous  CollectiouK  for  the  year 80 

tables,  publication  of 12 
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SiiiitliHouinn  [nHtltiitiou,  ooudition  of  fund xxiii 

Cougressioual  actH  and  resolntionH  relative  to xlv,  xItI, 

xlvii,  xlviii 

exchanges  of 62 

expenditures  for  the  year xxiii,  xxiv 

income  available  for  ensuing  year xli,  xlii,  xliii 

meteorological  work  of 89 

receipts  for  the  year xxiii.  xxiT 

report  of  Secretary 1 

Administration 2 

Astro-physioal  Observatory 8 

Board  of  Regents 1 

Buildings 6 

Establishment 1 

Explorations 10 

Finances 3 

International  exchanges V2 

Library , 15 

Publications 10 

Research 7 

Sales  and  repayments xxiv 

Soaping  geysers,  paper  on,  by  Arnold  Hague 153 

Soapstone  quarries,  ancient,  examination  of 49 

Societies  in  correspondence  with  Exchange  Bureau IH,  5iMiO,  61 

Sociology  of  Zuni  Indians,  investigation  of 51 

Soft-shell  turtle  presented  to  Zoological  Park 72, 7li 

Solutions,  gaseous  theory  of,  deductions  from,  paper  by  O.  Masson 2^ 

suggestions  regarding,  paper  by  Prof.  William  Ramsay 29^ 

South  American  batrachians  added  to  Zoological  Park 73 

deer  presented  to  Zoological  Park 71 

lizard  added  to  Zoological  Park 7i 

South  Australia,  exchange  agency  in 66 

transmissions  to 67, 68 

South  Ri  7er,  archaeology  of,  studied  by  W.  H .  Holmes 49 

Southwestern  archaeological  exploration  organized  by  Frank  H.  Gushing 55 

Spain,  exchange  agency  in 66 

transmissions  to 67, 68 

Sparrow  hawk  presented  to  Zoological  Park 71,73 

Spaulding,  Hon.  O.  L.,  letter  transmitting  estimates  for  Zoological  Park ^ 

Special  meeting  of  the  Board  of  Regents xxi 

Specimens,  distribution  of 36 

Spermophilus  tridecim-lineatus  added  to  Zoological  Park 73 

Squirrel  present43d  to  Zoological  Park 71, 73 

St.  Helena,  exchange  .agency  in & 

St.  Johns,  Newfoundland,  exchange  agency  in  65 

St.  Petersburg,  Russia,  exchange  agency  in 66 

Stabler,  .7.  P.,  presented  black  snake ?i 

Sttinford,  Hon.  Leland,  letter  to,  relative  to  new  Museum  building 6 

Starin,  Hon.  J.  H.,  presented  zebu 71 

State  institutions,  repayment  by,  on  account  of  exchanges 13, 60, 61 

Statement,  tabular,  of  the  increase  of  the  Museum  collections 21, 22, 23 

exchange  work 59, 60 

State  Department,  appropriation  to  for  Columbian  Historical  Exposition  at 
Madrid xlviii 
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Stat-e  Department;  exchanges  of 62 

Stationery  for  exchange  service 61 

Statistical  Bnreaa,  exchanges  of 62 

Statue  of  Prof.  Baird,  bill  for,  failed  to  pass 16 

Stjitne  for  Robert  Dale  Owen,  bill  for,  failed  to  pass 16 

Statns  of  the  mind  problem,  paper  by  Lester  F.  Ward 603 

Steam  Engineering,  Bureau  of,  exchanges  of 62 

Steamship  companies  granting  free  freight 14, 64 

Steams,  Dr.  R.  E.  C,  presented  homed  toad 72 

Sterrett  Bros,  presented  alligator 72 

Stereoty]>o  plates,  systematic  arrangement  of 16 

Stevenson,  Matilda  C,  field  studies  of 51 

Stevenson,  Mrs.,  office  work  of 55 

Stewart,  Consul  Alexander,  grants  free  freight 61 . 

Stockholm,  Sweden,  exchange  agency  in . '. 66 

Stone  County,  Mo.,  cave  iu,  examination  of 59 

Stone  implements  of  tide- water  region,  paper  on 58 

Strassburg,  University  of,  sent  publications 75 

Subjects  treated  of  in  annual  report  for  1892 iv 

Siibscrlpti  Du  for  Astronomical  Journal 7 

Suggestions  regarding  solutions,  paper  by  Prof.  William  Ramsay 299 

Sula  cassana,  added  io  Zoological  Park 73 

Surber,  Thaddeus,  presented  Virginia  deer 71 

Surgeon-General's  Office,  U.  S.  Army,  exchanges  of 62 

library,  books  deposited  in 74 

Surgeon-General,  U.  S.  Navy,  exchanges  of 62 

Sydney,  New  South  Wales,  exchange  agency  in 65 

Sy utheres  prehensils,  added  to  Zoological  Park 73 

Syruium  nebulosum,  added  to  Zoological  Park 73 

System  adopted  in  exchange  service 61 

Systematic  work  of  Bureau  of  Ethnology 27 

Sweden,  exchange  agency  in 66 

transmissions  to (?7, 68 

Swift  fox,  presented  to  Zoological  Park 71, 73 

Switzerland,  exchange  agency  in 66 

transmissions  to 67, 68 

T. 

Tabular  statement  of  the  annual  increase  of  the  Museum  collections 21, 22, 23 

exchange  work 59, 60 

Tasmania,  exchange  agency  in 66 

transmissions  to 67, 68 

Tatusia  novemciucta  added  to  Zoological  Park 73 

Taxidea  americana  added  to  Zoological  Park 73 

Taylor,  Wui.,  presented  armadillo 71 

Tectee  presented  to  ZoiUogical  Park 71, 31^ 

Tegucigalpa,  Honduras,  exchange  agency  in 65 

Telegrai)h  and  telephone,  the  inventors  of,  paper  by  Thomas  Gray 639 

Telescope,  history  of,  paper  by  C.  S.  Hastings 95 

Tenth  annual  report  of  Bureau  of  Ethnology  in  hands  of  printer 27 

Textile  collection  of  Museum,  increase  in 21 ,  22 

fabrics,  paper  on 53 

Thalassarctos  maritimus  added  to  Zoiilogical  Park 73 

"The  Establishment/'  members  of 1 
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Tibet,  collections  made  iu 10 

explorations  in,  by  W.  Woodville  Rockhill 659 

Thouiui),  Cyrns,  catalogue  of  prehistoric  Avorks  east  of  Rocky  Mountains .  ..53,54,1)8 

field  work  of 50,51 

office  work  of 53 

study  of  Maya  codices 54 

Thomas,  J.  R.,  presented  black  bear 71 

Thompson,  Russell  J.,  paper  on  aboriginal  burial  mounds  in  Seneca  County, 

Ohio 571 

ThomsoD,  J.  J.,  paper  on  discharge  of  electricity 229 

Tiger  rattlesnake  presented  to  Zoological  Park 72, 73 

Tokyo,  Japan,  exchange  agency  in 65 

Tomb  of  Smithson,  condition  of xvii 

preservation  of ^ 16 

TorieDo,  Consul  Enrique,  grants  free  freight C4 

Toronto,  Government  transmissions  to 68 

Tracy,  Hon.  Benjamin  F.,  member  ex  officio  of  the  Establishment ix 

Transmission  of  exchanges 14, 63 

Transmissions  of  Government  exchanges 68 

exchanges  received  from  abroad 63 

to  foreign  conntries 66,67 

Transportation  charges  on  exchanges 13,60,61 

collection  of  Museum,  increase  in 21, 22 

Treasury  Department,  appropriation  for,  on  account  of  exchanges xlv 

to,  for  World's  Columbian  Exposition  at 

Chicago xlviii 

letter  to  Congress  transmitting  estimates  for  Zoological 

Park 38 

exchanges  of 62 

Tree  porcupine  added  to  Zoological  Park 73 

Tregear,  E.,  on  the  Polynesian  Bow 199 

Tribal  synomony,  paper  on,  in  preparation 53 

Tubingen,  University  of,  sent  publications 75 

Turkestan,  collections  made  in 10 

Turkey,  exchange  agency  in 66 

transmissions  to 67,  ©< 

Turtles  presented  to  Zoological  Park 72,73 

Tuscarora  dictionary,  work  on 56 

Twelfth  annual  report  of  Bureau  of  Ethnology  ready  for  printer 27 


Universal  standard  of  length,  determination  of 7 

Universities  sending  their  publications 75 

Upper  Yellowstone,  Indian  remains  on,  paper  on,   by  W.  8.  Brackett 577 

Ursus  americanus  added  to  Zoological  Park * 78 

Uruguay,  exchange  agency  in 66 

transmissions  to 67, 68 

Ursus  horribilis  added  to  Zoological  Park 73 

U.  S.  Agricultural  experiment  station,  Nebraska,  presented  American  beaver.  71 

U.  S.  Coast  Survey  continues  pendulum  observations  in  Smithsonian  Luildiug.  16 

exchanges  of 62 

U.  S.  Entomological  Commission,  exchanges  of 62 

U.  8.  Fish  Commission,  exchanges  of GS 

piQftQnted  specimens 10 
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U.  S.  Geographical  Survey,  exohauges  of 62 

U.  S.  Geological  Survey,  exohangea  of \ 62 

U.  S.  National  Museum,  exchanges  of 62 

U.  S.  Naval  Observatory,  exchanges  of 62 

U.  S.  Patent  Office,  exchanges  of 62 

U.  S.  Senate,  exchanges  of 62 

U.  S.  Signal  Office,  exchanges  of 62 

U.  8.  Treasury  Department,  exchanges  of 62 

U.  S.  Weather  Bureau,  exchanges  of 62 

Utrecht,  University  of,  sent  publications 75 

V. 

Vauderburg  County,  Indiana,  ancient  works  in,  survey  of 51 

Van  den  Toorn,  W.  H.,  grants  free  freight 64 

Venezuela,  exchange  agency  in 66 

transmissions  to 67, 68 

Vertebrate  fossils  in  Museum,  increase  in  collection  of 22, 23 

Victoria,  exchange  agency  in 66 

transmissions  to 67, 68 

Vienna,  University  of,  sent  publicatious 75 

Virginia,  ancient  soapstone  quarries  in,  examination  of 49 

archaeological  field  work  in 49 

deer  presented  to  Zoological  Park 71, 73 

languages,  work  on 56 

Visitors  to  the  National  Museum 26 

Zoological  Park,- 32,69 

Volandt,  W.  H.,  presented  Arizona  gray  squirrel 71 

Volumes  received  by  the  library 16, 74 

Voorhees,  Hon.  D.,  presented  bill  for  a  statue  of  Hon.  Robert  Dale  Owen. ..  16 

Vouchers  examined  by  Executive  Committee 5 

Vulpes,  fnlous,  lagopus,  velox,  and  virginianus  added  to  Zoological  Park. . .  73 

Wadsworth,  F.  L.  0.,  assistant  in  Astro-physical  Observatory 10 

Wakashan  bibliography,  work  on 66 

Walks  in  Zoological  Park,  cost  of 39 

Walpi  pueblo,  model  of,  sent  to  Spain 54 

Wanamaker,  Hon.  John,  member  ex  officio  of  the  Establishment ix 

Wanner,  Atreus,  paper  on  relics  of  an  Indian  hunting  ground  iu  York  County,  Pa .  555 

War  Department,  appropriation  to,  for  care  of  Smithsoniau  grounds xlv 

exchanges  of • 62 

Ward,  Prof.  H.  R.,  presented  raccoon 71 

Watch  force  in  Zoological  Park  is  inadequate 69 

W^atchmen  in  Zoological  Park,  duties  of 32 

Water  moccasin  presented  to  Zoological  Park 72, 73 

supply  iu  Zoological  Park,  cost  of 39 

Weather  Bureau,  exchanges  of 62 

Weeden,  L.  P.,  presented  black  snake 72 

Weight  of  packages  received  by  Exchange  Bureau 13, 59, 60 

Welles,  Ensign  Roger,  jr.,  presented  paca 71 

cayman 72 

boa 72 

agouti 71 

teetee 71 
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Welliuff,  Dr.  James  C,  acts  of,  as  regent x,  xi,  xii 

chairman  of   Executive  Committee x 

motion  by,  regardiuf^  acceptance  of  Hodgkins  donation      xi 
with  reference  to  acceptance  of  Hodgkintt 

donation xii 

Wellington,  New  Zealand,  exchange  agency  in 65 

Wesley,  William,  &  Son,  acknowledgment  due 64 

West  Africa,  exchange  transmissions  to 67,68 

West  River,  archteology  of,  studied  by  W.  H.  Holmes 49 

Wheeler,  Hon.  Joseph,  act«  of,  as  regent x,  xiv,  xvi,  xviii,  xxi 

re-appointed  regent xiv,  2 

remarks  on  condition  of  Zoological  Park xviii 

introduced  resolution  I'clativo  to  appropriations  for 

Zoological  Park xxi 

Wheeler,  Mrs.,  presented  crow 72 

Whip  snake  presented  to  Zoological  Park 72, 73 

White,  Hon.  Andrew  D.,  regent x,  xi,  xiv 

White  Cross  Line  grants  free  frei^t 64 

White  Earth  Reservation,  objects  collected  at 51 

White  ibis  presented  to  Zoological  Park 72, 73 

White  rabbit  added  to  Zoological  Park 73 

White  rat  presented  to  Zoological  Park 71.73 

Wichita  language,  study  of 53 

Williams,  Mrs. ,  presented  green  parrot ?i 

WiUiams,  S.  C,  presented  alligator ?i 

Wilson,  W.  E.,  presented  alligator 72 

Winlock,  William  C,  bibliography  of  astronomy 743 

curator  of  exchanges 68 

a  member  of  the  Hodgkins  fund  committee 20 

report  on  proj^^ress  in  astronomy  in  1891, 1892 681 

Winnebagos,  study  of 52 

Winter  quarters  for  animals  in  Zoological  Park 70 

Woodchuck  presented  to  Zoological  Park 71,  73 

Woodpecker  presented  to  Zoological  Park 72, 73 

Work  done  in  the  Zoological  Park 39 

Work  in  the  Zoological  Park  for  next  fiscal  year 44 

Work  of  Exchange  Bureau 13, 59, 6D 

explained 63 

Work  performed  in  the  Zoological  Park fiy 

Working  force  of  Exchange  Bureau 63 

World^s  Columbian  Exposition,  collections  for,-  made  by  officers  of  Bureau  of 

Ethnology 27,28 

at  Chicago,  Congressional  act  relative  to xlviii 

ethnological  collections  made  for ,51,  ,52, 53.54,55 

Museum  exhibit  for 5 

Wright,  F.  W.,  survey  of  ancient  works 51 

Wright,  Peter,  &  Sons,  grant  free  freight 61 

Wiirteraberg,  Government  exchanges  for S^ 

Wiirzburg,  University  of,  sent  publications 75 

Y. 

Yellowstone  National  Park,  geological  history  of,  by  Arnold  Hague 1S> 

Indian  remains  on,  paper  on,  by  W.  S.  Bracket t ;»77 
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Zahn,  C.  C,  preseuted  white  rat 71 

Zebu  presented  to  Zoological  Park 71, 73 

Zoological  Parkj  access  to 44 

acts  and  resolutions  of  Congress  relative  to xlvii,  xlviii 

additions  to  collections xxxvii,  xliij  45 

buildings,  Secretary's  report  on 7 

condition  of,  discussed  by  Board  of  Regents xvii,  xviii,  xix 

Congressional  appropriations  for 29, 32, 34, 35, 36, 37, 38, 39 

damages  occasioned  by  undue  reduction  of  force 33 

dangers  from  freshet 31 

deficiency  appropriation 32 

estimates  for  1893 6 

general  plan  of '. 40 

inadequacy  of  appropriation 30 

influx  of  visitors 32 

maintenance  of 28 

object  of 28 

plans  of  buildings 41, 42, 43, 44 

report  of  Secretary : 28 

resolutions  by  Board  of  Regents  relative  to xiii,  xxi 

special  meeting  Board  of  Regents  relative  to xxi 

work  done 39 

work  for  next  fiscal  year 44 

(See  National  Zoological  Park.) 

Zufti  Indians,  customs,  investigation  of 51 

myths,  contributions  to,  by  F.  H.  Cushing 55 

pueblo  of,  model  of,  sent  to  Spain 54 

Zurich,  University  of,  sent  publications 75 
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